(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 1 504 330 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
30.08.2006 Bulletin 2006/35 

(21 ) Application number: 03715318.6 

(22) Date of filing: 14.04.2003 



(51) IntCI.: 

G06F 3/033 ( 2006 01 > 

(86) International application number: 
PCT/IL2003/000309 

(87) International publication number: 

WO 2003/088136 (23.10.2003 Gazette 2003/43) 



(54) METHOD AND SYSTEM FOR OBTAINING POSITIONING DATA 

VERFAHREN UND SYSTEM ZUM ERFASSEN VON POSITIONSDATEN 
PROCEDE ET SYSTEME POUR OBTENIR DES DONNEES DE POSITIONNEMENT 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IT LI LU MC NL PT RO SE SI SK TR 

(30) Priority: 15.04.2002 US 372197 P 
12.11.2002 US 425304 P 

(43) Date of publication of application: 
09.02.2005 Bulletin 2005/06 

(73) Proprietor: Epos Technologies Limited 
Road Town 
Tortola (VG) 

(72) Inventors: 

• ALTMAN, Nathan 
64 251 Tel Aviv (IL) 

• ELIASHIV, Oded 
69 353 Tel Aviv (IL) 



CD 
o 

CO 
CO 

o 
m 

CL 
LU 



(74) Representative: Dennemeyer, John James 
Dennemeyer & Associates S.A. 
55, rue des Bruyeres 
1274 Howald (LU) 



(56) References cited: 
EP-A- 0 666 543 
US-A-4 814 552 



WO-A-00/21203 
US-A-5 142 506 



• NONAKA H ET AL: "Ultrasonic position 
measurement and its applications to human 
interface" INSTRUMENTATION AND 
MEASUREMENT TECHNOLOGY CONFERENCE, 
1994. IMTC/94. CONFERENCE PROCEEDINGS. 
10TH ANNIVERSARY. ADVANCED 
TECHNOLOGIES IN I & M., 1994 IEEE 
HAMAMATSU, JAPAN 10-12 MAY 1994, NEW 
YORK, NY, USA,IEEE, 10 May 1994 (1994-05-10), 
pages 753-756, XP010121966 ISBN: 
0-7803-1880-3 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 504 330 B1 



Description 

FIELD AND BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a method and system for obtaining two or three-dimensional co-ordinate data 
in space and, more particularly, but not exclusively to a positional element and supporting hardware and software for 
obtaining such co-ordinate information. In general terms one unit is able to determine the position, typically in relation 
to itself, of another unit. 

[0002] The field of small space positioning, that is positioning within spaces of a few meters or less, includes a number 
to of fields, principally pointing devices for computer interaction, and robotics and machine control, but also including toys, 
inventory control and other fields. Certain applications may require 2D solutions, others may require 3D solutions. Again 
certain applications such as pointing devices may require only one-way communication, whereas say robotics may 
require two-way communication. 

15 1 ) Pointing devices. 

Digital pens: 

[0003] Digital pens are pointing devices used for electronic detection of handwriting or hand drawing, or for general 
20 pointing. The digital pens generally use technologies such as acoustics, I R and light. Other versions use acce I ero meters 
that sense accelerations and transmit the data to a base station. Another version is a camera that analyzes small printing 
codes on special paper to determine its position. Other pens use electromagnetic (including passive & active), and other 
technologies for their operation. Some of the digital pens are an autonomous unit, meaning the pen works independently, 
providing its own fully processed co-ordinates as an output, and such is typical of optical and digital camera based units. 
25 Others, especially acoustic and electromagnetic devices, require a receiving or sensing unit. 

[0004] Digital Pens are widely used with PC's, laptops, PDA's, cellular telephones, electronic books, and the like. 

Interactive whiteboards: 

30 [0005] The interactive whiteboard is a whiteboard that captures written data from the board into an associated computer. 
One of the common technologies in this field is acoustic positioning: a marker is placed in a sleeve that transmits beacon 
signals which are picked up and analyzed by a dedicated device also placed near the whiteboard. In some cases an IR 
or electromagnetic signal is transmitted along with the acoustic beacon to for better accuracy and for simplicity. Another 
common technology is electromagnetic: the above mentioned marker sleeve transmits an electromagnetic field which 

35 is picked up by special loops on the back of the whiteboard. 

[0006] Resistive technology is also used. In such a case the surface of the whiteboard is coated with resistive material. 
Pressure is applied to the coating, and the pressure causes a local change in the resistive properties of the board. From 
the changes, the controller is able to obtain an x, y position from the applied pressure. 

[0007] Capacitive technology, which is similar to the resistive, can also be used. Again, pressure is used, this time to 
40 change the capacitive properties of the board. Then, the controller is able to obtain the x, y position 

Touch screens: 

[0008] Touch screens generally comprise sensors embedded within or near a computer screen in order to receive 
45 input from the screen. Some technologies include coating the screen with special material that can sense physical 
contact, the material being any of resistive, capacitive and SAW material. Other technologies include embedding of 
sensors around the screen. The sensors may be IR, acoustic, SAW and others. 

3-D mouse: 

50 

[0009] A 3D mouse uses electromagnetic or ultrasonic positioning techniques to indicate its position in 3-D space to 
a monitoring device. The cordless mice in use today use BlueTooth and similar radio and IR transmitters for wireless 
connectivity. The radio or IR only takes care of the wireless connectivity, that is the signaling issue. Positioning generally 
involves a movement tracker in the mouse itself, which may be optically based. Simple movement tracking gives a 2D 
55 solution. 3D solutions can be produced, for example using either of the following: 

1) acoustic: the mouse emits ultrasonic and IR pulses which are received by a desktop receiver. By measuring the 
time of flight, triangulation can be performed. 
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2) IR sensors: the mouse emits IR pulses whose angle is measured by a desktop receiver. Several angle sensors 
allow making 3-dimensional triangulation thus obtaining the special position. 

PC tablets and styluses: 

5 

[001 0] The PC tablet uses a digital pen or stylus. The stylus enables interactions including writing directly on a graphic 
tablet, pc tablet, pc screen, pda screen, cell-phone screen and on any other computer enabled surface, screen or tablet. 
Available solutions work with passive or active electromagnetic or acoustic technologies. 

10 Drawbacks 

[001 1] The solutions of the available technologies suffer from the following drawbacks. It is noted that these drawbacks 
are applicable to applications discussed below as well: 

[001 2] All of the solutions mentioned above require significant computation strength, and amplification and digitization 
15 circuitry. They do not utilize available resources of the main computer; instead they carry out their own calculations using 
dedicated hardware and feed the computer with the processed positioning data. The dedicated hardware is both expen- 
sive and complex, and is particularly wasteful of resources considering that the calculating power of the main computer 
is available. 

[0013] All the technologies mentioned above, except the acoustic, need sensors on the positioning plane: the elec- 
20 tromagnetic solution needs antenna loops on the back of the board, the pen with the camera needs special digitized 
paper and the touch-screens need special coatings. The need for sensors adds both to the cost of the final product, and 
furthermore provides an unnatural restriction on use in that it does not allow the user to use arbitrary planes, such as a 
cluttered desk surface, as a working platform. 

[0014] The complex circuitry and sensors of these solutions require dedicated space. It is impossible to integrate the 
25 solutions to small and hand-held devices for which they have not been explicitly designed, such as PDA's, cellular phones 
etc. This issue is also significant with laptops and other movable products where the small size permits a fixed explicitly 
designed installation but does not allow for the freedom of an arbitrary device. 

[0015] The installation of hardware components on a PC is tedious and not always reliable. It is significantly easier to 
use already installed components such as existing sound systems when adding a new feature. 
30 [001 6] There is no cross-platform solution currently available: a positioning solution for a touch screen is different from 
a digital pen solution for the mobile phone market, etc. 

[0017] The integration of available solutions into an existing product is often ineffective, because of the size and the 
complexity of the project. 

[0018] All the available solutions in fact require re-designing of the end product. There is no current solution that can 
35 be treated as add-in, requiring only software changes. 

[001 9] Support for multiple user applications is difficult and is currently only available where BlueTooth is the commu- 
nication medium. Bluetooth is nevertheless restricted to eight simultaneous users. 
[0020] Many of the available solutions require substantial power supply. 

[0021] Some of the technologies are limited to two-dimensional location. But even those that can manage a third 
40 dimension do not currently provide accurate information of the third dimension. For example a stylus based on electro- 
magnetic detection can be detected when hovering above a screen, but it is not possible to tell accurately how high it 
is. The detector simply determines that it is present. 

[0022] There are other drawbacks specific to certain of the technologies. For instance, IR positioning has difficulties 
working with direct sun. Existing acoustic solutions have serious limitations in acoustically noisy environments, in par- 
45 ticular in the all-important industrial environment, where ultrasound noise is most common. 

[0023] Solutions that use wireless protocols as Bluetooth may suffer from protocol collisions, and from interference 

with other wireless equipment, such as WLAN equipment. 

[0024] Touchscreen solutions are of course inherently two-dimensional. 

50 2) Robotics and Machine Control 

[0025] Robotics and Machine control is a field in which the use of position sensors is inherent to the control of moving 
elements. 

55 Industrial robots 

[0026] Mechanical arms are able to perform delicate assembly tasks in 3-dimensional space. PCB assembly machines 
perform placement of electronic components on a 2-dimentional printed circuit board. CNC machines perform cut and 
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drill tasks which need high position resolution. Automobile assembly lines use automatic drillers which drill the body of 
the car using high spacial accuracy. 

Fax and Printer 

5 

[0027] Fax and printer machines have accurate position sensors for scanning, printing, paper orientation etc. 
Freely Mobile Robots 

10 [0028] In recent years several new robotics products have reached the prototype stage and beyond. The robotics 
products include freely moving robots for different applications. The applications include lawn mowers, pool cleaners, 
spy and bomb disposal robots with cameras and remote control and many more. Such robots typically use their own 
sensing together with pre-programming to find their way around in their surrounding environment. 
[0029] Possible new applications include an autonomous vacuum cleaner. One or more vacuum cleaners may roam 

15 automatically around the premises, vacuuming dirt and transferring the dirt to either fixed location units or roaming units. 
The unit that vacuums may autonomously locate the receiving unit to which it delivers the dirt and dock therewith in 
order to deliver the dirt. 

[0030] The sensors used in the robotics applications mentioned above use the following technologies: 

20 1) Optical encoders: these sensors contain an enclosed rotating wheel with small holes on the perimeter of the 

wheel. An LED and a photosensor are mounted on either side of the wheel. As the wheel turns (due to the movement 
of the robot), the photosensor receives a series of light pulses. The light pulses encode the exact angle of the wheel, 
thus revealing the position of the moving arm. These sensors are also available as linear sensors, meaning that the 
sensor is not embedded on a rotating system but rather on a straight line. 

25 2) Potentiometers: these sensors are attached in parallel to a moving object. The sensor changes its resistance as 

a function of its position. 

3) LVDT: these are magnetic sensors which include 2 parts: an iron core and a magnetic cylinder. As the iron core 
moves inside the cylinder the magnetic properties of the cylinder change as a function of the position. 

4) There are other, lesser used technologies of which the skilled person will be aware. 

30 

[0031] All the technologies mentioned hereinabove in connection with robotics are relatively large scale. They all have 
to be attached one way or another to a moving part of the robot and there is no wireless solution that enables the 
attachment of a sensor on the tip of the moving arm / robot etc. As always, precision goes along with cost, making 
precision equipment costly. Sensors that have high precision over a few meters of distance can cost hundreds of 
35 thousands of dollars and are not economically viable for many of the envisaged uses of robots. 

3) Toys 

[0032] It is relatively uncommon, due to the high cost, to have toys in which one unit can be aware of the location of 
40 a second unit. 

[0033] In a very basic example, one toy notes that there is another toy nearby, prompting a reaction, for example 
talking. In a more sophisticated example, one toy knows more or less where the other toy is. 

[0034] In the future it is hoped to provide a yet more sophisticated example in which one unit can successfully pass 
an object to the next one and vice versa. Further in the future a toy is envisaged, in which twenty-two soccer robots run 
45 around passing the ball one to another. The robots calculate where to kick according to the locations of the other robots 
on the same and opposite teams. To provide each of the twenty robots with the computing and control power in order 
to play a game of soccer produces a very expensive and complex solution. 

[0035] Generally, toy technology has to be provided at low cost and current technology is relatively expensive. Specific 
technologies each have their drawbacks: 

50 

Infrared sensors - IR can be used to indicate the presence in the vicinity of a second object. At a higher level it can 
show a general direction. 

Accelometers - the disadvantages of accelero meters are discussed above in the section on pointing devices. 
Acoustic - Acoustic devices are relatively expensive. Only a single unit can be used in the same environment, energy 
55 use is relatively high, and the devices are difficult to miniaturize. 

[0036] There is thus a widely recognized need for, and it would be highly advantageous to have, a positioning system 
devoid of the above limitations. 
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[0037] The preamble of claim 1 is based on the document NONAKA H. ET AL: "Ultrasonic position measurement and 
its applications to human interface" INSTRUMENTATION AND MEASUREMENTTECHNOLOGY CONFERENCE, 1994. 
IMTC/94. CONFERENCE PROCEEDINGS. 10TH ANNIVERSARY. ADVANCED TECHNOLOGIES IN I & M., 1994 
IEEE HAMAMATSU, JAPAN 1 0-1 2 MAY 1 994, NEW YORK, NY, USA, IEEE, 1 0 May 1 994 (1 994-05-1 0), pages 753-756, 
XP010121966, ISBN: 0-7803-1880-3. This document discloses a position detection system for use in association with 
computing applications, the system comprises a positional element for attaining position and an emitter for emitting an 
unmodulated continuous ultrasonic wave which is decodable to determine said position, the system further comprises 
a detector arrangement for detecting said waveform and for determining said position. 

SUMMARY OF THE INVENTION 

[0038] According to one aspect of the present invention there is provided a position detection system as defined in 
claim 1 . 

[0039] Preferably, the detector arrangement is operable to emit the waveform decodable to fix the position, such that 

the waveform is decodable at low sampling rate. 

[0040] Preferably, the waveform comprises a periodicity. 

[0041] Preferably, the outputting comprises providing the waveform decodable at low sampling rate to at least one 
analog input of a computing device for the computation. 

[0042] Preferably, the outputting comprises providing the waveform to at least two analog inputs of the computing 
device. 

[0043] A preferred embodiment comprises a plurality of positioning elements, and wherein the detector arrangement 
is configured to supply respective waveforms as separate channels for the outputting. 

[0044] A preferred embodiment comprises a plurality of detector arrangements to give greater detection precision. 
[0045] Preferably, the separate channels are time multiplexed or frequency multiplexed. 

[0046] Preferably, each positioning element further comprises a modulator for modulating the continuous wave. 
[0047] Preferably, the modulator is a frequency modulator. 

[0048] Preferably, each positioning element is provided with a frequency hopping sequence to allow simultaneous 
use of the plurality of positioning elements. 

[0049] Preferably, each the frequency hopping sequence is a different pseudo-random sequence. 
[0050] Preferably, the modulator is an amplitude modulator. 

[0051] Preferably, the modulator is operable to modulate data additional to positional data to the waveform. 
[0052] Preferably, each positioning element comprises a unique identifier. 
[0053] Preferably, the continuous wave is modulated. 

[0054] Preferably, the continuous wave is modulated using spread spectrum. 
[0055] Preferably, the continuous wave is modulated using time division modulation. 
[0056] Preferably, the positional element comprises a biometric sensor. 

[0057] Preferably, the detection arrangement comprises a plurality of receivers, to provide multi-dimensional detection 
of the position. 

[0058] Preferably, the outputting comprises providing the waveform decodable at low sampling rate to an analog input 
of a computing device for the computation and further is able to multiplex signals of the waveform from each one of the 
plurality of receivers for the inputting to the analog input. 

[0059] A preferred embodiment makes use of a demultiplexing capability of the computing device to demultiplex the 
signals received at the analog input. 

[0060] Preferably, the positional element further comprises a second emitter for emitting a signal additional to the 
continuous waveform and having a different speed therefrom, therewith to obtain data indicative of a distance between 
the positional element and detectors of the detector arrangement from a time delay between the continuous waveform 
and the additional signal. 

[0061] Preferably, the additional signal is a light speed signal. 
[0062] Preferably, the light speed signal is an infra-red signal. 

[0063] Preferably, the outputting comprises providing the waveform to an analog input of a computing device. 
[0064] Preferably, the analog input is an input to an analog to digital converter. 
[0065] Preferably, the analog to digital converter is part of a sound card. 

[0066] Preferably, the analog input is at least one of a microphone input, a line-in input, and a modem input. 
[0067] Preferably, the detector arrangement is configured to be powered from the computing device viathe analog input. 
[0068] Preferably, the manner retentive of the position fixing ability comprises retaining the ability over low frequency 
sampling. 

[0069] Preferably, the low frequency sampling comprises a rate compatible with Nyquist rate sampling of sound signals. 
[0070] Preferably, the rate is below 50KHz. 
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[0071] Preferably, the rate is substantially 44KHz. 

[0072] In an alternative embodiment, the rate is substantially 6KHz. This lower rate is suitable for the lower sampling 
rate available at the A/D inputs of devices such as cellular telephones. 

[0073] Preferably, the system further comprises a decoding unit for carrying out the computation to decode the wave- 
form and indicate the position. 

[0074] Preferably, the decoding unit comprises a maximum likelihood detector for carrying out the decoding by finding 
a most likely distance. 

[0075] Preferably, the maximum likelihood detector comprises a channel model for modeling passage of the waveform 
from the positional element to the waveform decoding unit, thereby to provide a reference signal against which to identify 
the most likely distance. 

[0076] Preferably, the maximum likelihood detector is followed by a correlator for confirming the most likely distance. 
[0077] A preferred embodiment comprises a synchronizer for synchronizing between the detector arrangement and 
the positional element. 

[0078] Preferably, the synchronizer is operable to use at least one of IR and RF signaling to carry out the synchronizing. 
[0079] Preferably, the synchronizer is operable to monitor synchronization deviations thereby to reduce a frequency 
with which repeat synchronizations are carried out. 

[0080] Preferably, the synchronizing is with a local oscillator at the positional element. 

[0081] Preferably, the synchronizer is further operable to add a synchronization signal to the waveform, therewith to 
synchronize with a host device. 

[0082] Preferably, the positional element is wired to the detector array. 

[0083] Preferably, the positional element comprises a digital encoder for encoding digital data into the continuous 
waveform. 

[0084] Preferably, the waveform decoding unit is provided as a client program for installation in a computing device. 
[0085] Preferably, the waveform decoding unit is provided as a client program for installation in an operating system 
of a computing device. 

[0086] Preferably, the waveform decoding unit is integrated with the detector arrangement. 

[0087] Preferably, the positional element further comprises a pressure sensor to provide data of pressure being exerted 
on the positional element. 

[0088] Preferably, the positional element further comprises attitude detection to provide data of an attitude at which 
the positional element is being held. 

[0089] Preferably, the positional element further comprises: 

a pressure sensor to provide data of pressure being exerted on the positional element, and 
attitude detection to provide data of an attitude at which the positional element is being held. 

[0090] Preferably, the attitude detection comprises two waveform transmitters placed a predetermined distance apart 
on the positional element, each one for separate positional detection. 

[0091] A preferred embodiment is usable to extract from a user of the positional element, a triplet of movement, 
pressure and attitude vectors. 

[0092] A preferred embodiment comprises electronic signature functionality provided in the positional element. 

[0093] A preferred embodiment comprises biometric signature functionality provided in the positional element. 

[0094] Preferably, the positional element further comprises a receiver for receiving control data. 

[0095] A preferred embodiment comprises functionality to relay data of the position to other elements. 

[0096] In an embodiment, the detector array is associated with a cellular telephony device, thereby to provide writing 

input capability for the telephony device. 

[0097] An embodiment comprises an application for using the writing input as a dialing input for the telephony device. 
[0098] An embodiment comprises: 

a location calculation application, and 

a handwriting to text conversion application, 

to provide a handwriting to digital interface. 

[0099] The above embodiment may additionally comprise a text to speech conversion application and/or a language 
translation application, thereby to provide reading or translation from the handwriting input. 
[0100] Another embodiment comprises: 

electronic signature functionality provided in the positional element, and 

verifying functionality for verifying extracted triplets of user signatures, the system being operable to enable the 
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electronic signature functionality with verification by the verification functionality of a user signature. The embodiment 
is useful for signature verification and may be provided along with point of sale devices and the like where signature 
verification is needed. 



[0101] One embodiment of the positional element is a personal locator for attachment to a person, or is an item locator 
for indication of location of an item within a space. 

[0102] Preferably, there is further provided an application for calculating the location and issuing control signals in 
response to the location. 

[0103] Preferably, the control signals are at least one of signals to direct the focus of a stereo sound system, signals 
to direct a camera, signals to direct an incoming communication, signals to direct a robot, signals to direct machinery, 
signals to direct a predetermined sequence, signals to direct an assembly sequence and signals to direct a repair 
sequence. 

[01 04] A preferred embodiment comprises a plurality of units, each unit comprising one of the positional elements and 
one of the detector arrays, wherein each unit is operable to locate all adjacent units, thereby to provide chaining of the units. 
[0105] Preferably, each unit in the chaining embodiment comprises a unique identifier. The embodiment is useful for 
keeping track of teams, and two-way communication within the units allows an intercom system along with the tracking. 
[0106] In an embodiment, the positional element is part of a virtual reality game accessory, say a glove or a gun or 
the like. 

[01 07] According to a second aspect of the present invention there is provided a position detection method as defined 
in claim 73. 

[0108] Preferably, the outputting comprises outputting the waveform as an analog signal. 

[0109] The method may comprise decoding of the waveform at the computing device to extract data of the position. 
[01 10] In an embodiment, there is provided a position detection system of a computing device, the system comprising: 

a positional element for attaining a position and comprising an ultrasonic continuous waveform emitter for emitting 
an ultrasonic continuous waveform decodable to fix the position, 

a detector arrangement for detecting the waveform in a manner permitting fixing of the position, and 

a signal decoder for receiving the waveform from the arrangement and decoding the attained position from the 

waveform. 



[01 1 1] Preferably, the detector arrangement and the signal decoder are connected via an analog link. 

[01 12] Preferably, the positional element is operable to emit the waveform decodable to fix the position, such that the 

waveform is decodable at low sampling rate. 

[01 13] Preferably, the waveform is a substantially continuous waveform. 

[01 14] Preferably, the detection arrangement comprises a plurality of signal detectors arranged at different locations 
each separately to detect the waveform, thereby to provide the position fixing as differential information between the 
detected signals. 

[01 1 5] Preferably, the signal decoder comprises at least one reference signal constructed using a model of the system 

and a maximum likelihood detector for determining a most likely position based on the reference signal. 

[01 1 6] Preferably, the decoder further comprises a correlator for using a correlation function to confirm the most likely 

position. 

[01 1 7] Preferably, the positional element is operable to emit a combination of signals having different speeds to allow 

a receiver to calculate a distance thereto from a time delay therebetween. 

[0118] Preferably, the combination comprises a light speed signal and a sound speed signal. 

[01 19] Preferably, the light speed signal is an infra-red signal. 

[0120] Preferably, the sound speed signal is an ultrasonic signal. 

[0121] Preferably, the manner retentive of the position fixing ability comprises retaining the ability over low frequency 
sampling. 

[0122] Preferably, the low frequency sampling comprises a rate compatible with Nyquist rate sampling of sound signals. 

[0123] Preferably, the rate is below 50KHz. 

[0124] Preferably, the rate is substantially 44KHz. 

[0125] In an alternative embodiment the rate is substantially 6KHz. 

[01 26] Preferably, the positional element further comprises a pressure sensor to provide data of pressure being exerted 
on the positional element. 

[0127] Preferably, the positional element further comprises attitude detection to provide data of an attitude at which 
the positional element is being held. 

[0128] In a preferred embodiment, the positional element further comprises: 
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a pressure sensor to provide data of pressure being exerted on the positional element, and 
attitude detection to provide data of an attitude at which the positional element is being held. 

[01 29] The above embodiment is usable to extract from a user of the positional element, a triplet of movement, pressure 
and attitude vectors. 

[0130] The above embodiment may comprise electronic signature functionality provided in the positional element. 
[0131] A preferred embodiment comprises 

electronic signature functionality provided in the positional element, and 

verifying functionality for verifying extracted triplets of user signatures, the system being operable to enable the 
electronic signature functionality with verification by the verification functionality of a user signature. 

[0132] A preferred embodiment comprises a position detection system for use in association with computing applica- 
tions, the system comprising: 

a positional element for attaining a position and comprising a first emitter and a second emitter each for emitting a 
waveform decodable to fix the position the emitters being a predetermined distance apart, and 
a detector arrangement for detecting the waveforms in a manner permitting fixing of the position and permitting 
determination of an attitude of the positional element, the detector arrangement further being operable to output the 
waveforms for computation, in a manner retentive of the position fixing ability. 

[01 33] Preferably, the positional element further comprises a pressure sensor to provide data of pressure being exerted 
on the positional element. 

[0134] Preferably, the waveform is one of an I R waveform, an RF waveform, an acoustic waveform and a continuous 
acoustic waveform. 

[0135] Preferably, the outputting is in a manner suitable for supplying to an analog input of a computing device. 
[0136] In one embodiment, the detector arrangement is an arrangement of orthogonal loops. Unless otherwise defined, 
all technical and scientific terms used herein have the same meaning as commonly understood by one of ordinary skill 
in the art to which this invention belongs. The materials, methods, and examples provided herein are illustrative only 
and not intended to be limiting. 

[0137] Implementation of the method and system of the present invention involves performing or completing selected 
tasks or steps manually, automatically, or a combination thereof. Moreover, according to actual instrumentation and 
equipment of preferred embodiments of the method and system of the present invention, several selected steps could 
be implemented by hardware or by software on any operating system of any firmware or a combination thereof. For 
example, as hardware, selected steps of the invention could be implemented as a chip or circuit including a dedicated 
CPU. As software, selected steps of the invention could be implemented as a plurality of software instructions being 
executed by a computer using any suitable operating system. In any case, selected steps of the method and system of 
the invention could be described as being performed by a data processor, such as a computing platform for executing 
a plurality of instructions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[01 38] The invention is herein described, by way of example only, with reference to the accompanying drawings. With 
specific reference now to the drawings in detail, it is stressed that the particulars shown are by way of example and for 
purposes of illustrative discussion of the preferred embodiments of the present invention only, and are presented in the 
cause of providing what is believed to be the most useful and readily understood description of the principles and 
conceptual aspects of the invention. In this regard, no attempt is made to show structural details of the invention in more 
detail than is necessary for a fundamental understanding of the invention, the description taken with the drawings making 
apparent to those skilled in the art how the several forms of the invention may be embodied in practice. 
[0139] In the drawings: 

FIG. 1A is a simplified schematic diagram illustrating a position detection system according to a first preferred 
embodiment of the present invention; 

FIG. 1 B is asimplified schematicdiagram illustrating an alternative position detection system in which signal decoding 

is carried out in a base station and processed data is passed to an associated computing device; 

FIG. 1 C is a simplified schematic diagram illustrating a second alternative position detection system in which signal 

decoding is carried out in the base station and wherein the base station is a stand alone device. 

FIG. 2 is a simplified block diagram of a preferred embodiment of the pointing device of the system of Fig. 1 ; 
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FIG. 3A is a simplified block diagram of a preferred embodiment of the base station of Fig. 1 ; 

FIG. 3B is a variation of the base station of FIG 3A for use as a standalone device, that is to say not relying on a 

computing device to carry out detailed calculations; 

FIG. 4 is a simplified block diagram of a mathematical model of the system of Fig. 1 for use in constructing reference 
signals for maximum likelihood detection; 

FIG. 5 is a graph showing a correlation function for use in a correlator for confirming a detected position; 

FIG. 6 is a simplified block diagram illustrating a preferred embodiment of the signal decoder for use in the system 

of Fig. 1; 

FIG. 7 is a simplified block diagram of a second preferred embodiment of the pointing device of the system of Fig. 1 ; 
FIG. 8 is a simplified block diagram illustrating a third preferred embodiment of the pointing device of the system of 
Fig. 1 together with a direction sensor; 

FIG. 9 is a simplified block diagram illustrating a further preferred embodiment of the positional element of Fig. 1, 
adapted for attitude detection; 

FIG. 1 0 is asimplified diagram illustrating an application of the present embodiments to multiple users in a conference 
room environment; 

FIG. 1 1 is a simplified diagram illustrating an application of the present embodiments to a screen interactive board 
game; 

FIG. 1 2 is a simplified diagram illustrating an application of the present embodiments to a free-standing robot game; 
FIG. 1 3 is a simplified diagram illustrating an application of the present embodiments to an inventory tracking system; 
and 

FIG. 1 4 is a simplified diagram illustrating an application of the present embodiments to a robot-based manufacturing 
system. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[01 40] The present embodiments disclose a system for determining the location of a positional element using contin- 
uous wave ultrasound signals and/or using detectors with multiple receivers, whose inputs are multiplexed and entered 
at a convenient analog input of the computing device with which it is desired to interact. The computing device uses its 
own resources to demultiplex the signals and determine the location of the pointing device. In an embodiment the signal 
is asynchronized combination of an ultrasonic and an infrared signal. 

[0141] In a further embodiment the detectors may be a standalone device able to process the continuous wave output 
independently. 

[0142] Another aspect of the presently disclosed embodiments concerns the ability to carry out position detection 
using low processing power to decode the signals. 

[0143] The principles and operation of a pointing device and system according to the present invention may be better 
understood with reference to the drawings and accompanying description. 

[01 44] Before explaining at least one embodiment of the invention in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and the arrangement of the components set forth in the following 
description or illustrated in the drawings. The invention is capable of other embodiments or of being practiced or carried 
out in various ways. Also, it is to be understood that the phraseology and terminology employed herein is for the purpose 
of description and should not be regarded as limiting. 

[0145] Referring now to the drawings, Figure 1 A illustrates a position detection system operative in accordance with 
a first preferred embodiment of the present invention. The system is designed for use in association with a computing 
device 10 having any kind of standard analog input 12. 

[01 46] The system comprises a positional element 1 4, which takes up a position to be detected. The positional element 
may be a pointing device, for example a stylus or a mouse or the like which a user moves in order to interact with the 
computing device 10, or it may be a part of a robot or a playing piece for a game or any other kind of device whose 
position needs to be determined. The movement of the positional element 14 is tracked and the computer uses the 
movement or positioning of the element as an input to any current application that is able to make use of the input. 
Generally a mouse or like device tends to be movement tracked whereas a stylus tends to be position tracked. Robots 
and game pieces may be either position or movement tracked depending on the application. In either case the positional 
element simultaneously attains a position and emits signals which can be decoded to fix the position. If the positional 
element moves over a locus such as that indicated by dotted curve 16 then a suitable application may trace a corre- 
sponding curve 1 8 on the computer screen. Likewise the positional element may be used to write directly on the screen. 
[01 47] The system further comprises a detector arrangement or base station 20, which detects the signals emitted by 
the positional element 14 in a manner that permits fixing of the position. That is to say the signal is designed to contain 
enough information to enable signal processing to fix the position of the positional element. 

[0148] The signals are preferably detected at two or three separate detectors 22 which are spaced apart. The number 
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of detectors 22 is preferably selected for the number of co-ordinates that are required, that is to say the number of 
dimensions in which it is desired to follow the movement of the pointer. The base station preferably does not itself use 
the signals to calculate the coordinates of the pointing device but rather multiplexes the signals together onto a single 
channel. The channel is then provided to the analog input 12 of the computing device. The computing device simply 
5 needs to demultiplex the signals as received on its analog input and carry out triangulation or the like to assign co- 
ordinates to the pointing device. In a preferred embodiment each detector picks up the same signal from the pointing 
device. However, because the detectors are at different positions, a phase difference or a time lag or the like is introduced, 
so that a position can be calculated from a differential between the detected signals. 

[01 49] There are numerous methods for providing signals that permit position detection or for introducing the differential 
to referred to above. A preferred option is for the pointing device 1 4 to emit a combination of signals having different speeds. 
A receiver can then use the difference in arrival times of the two signals to calculate a distance to the receiver. Comparison 
of such distances between two receivers allows a two-dimensional position to be calculated and comparison between 
three receivers allows a position in three dimensions to be calculated. 

[0150] Preferably the pointing device 14 uses a combination of a light speed signal such as an infra-red signal and a 
15 sound speed signal such as an ultrasound signal. The distance to each receiver can then be calculated from the difference 
in arrival times of the two signals. It will be appreciated that the arrival of the infra-red signal is effectively instantaneous 
so that the base station 20 can be simplified by having a single infra-red sensor 24, and the two or three separate sensors 
22 can be for sensing ultra-sound only. 

[0151] In one preferred embodiment, the analog input 12 is any input having access to an A/D converter. A typical 
20 example is the microphone input to a sound card. Another example is the line-in input to the sound card, and also a 
modem input can be used. Generally a sound card has adequate processing ability both for demultiplexing and dealing 
with ultrasound signals, as will be discussed in greater detail below. If using the sound card then the microphone input 
is advantageous as it is able to power the base station. 

[0152] The present embodiment, by utilizing the analog input and on-board processing ability, enables any machine 
25 that can digitize analog audio signals, for example PC's and larger computers, laptops and smaller computers including 
PDAs, cellular telephones, and other computing devices, to have a positioning ability added to them. In the case of the 
PC and the laptop, the processing ability can conveniently be the digital sound capability that is practically universally 
available on these machines. 

[0153] It is advantageous to use small, low cost hardware for the pointing device and sensors, whilst using the com- 
30 putation resources of the computing device itself to compensate for the simple hardware, thereby enabling even sophis- 
ticated multiple position pointing for very little cost, as will be explained below. 

[01 54] As described above, in one preferred embodiment, a standard microphone input serves as an interface between 
various different sensors used for position detection, be they microphones, photo detectors, antennas and the like, and 
the computing device. With such an embodiment, any apparatus that has a free input which is sampled by A/D circuitry 
35 can use the embodiment in order to provide positioning ability without any hardware changes inside the apparatus. In 
typical devices, A/D sampling is carried out following filtering and amplification. 

[01 55] It will be appreciated that appropriate client software is preferably located within the computing device, in order 
to retrieve the positioning data from the raw input signals. 

[0156] Although the embodiment just referred to uses the microphone input, it will be appreciated that any analog 
40 input is suitable. Many PC's and laptops have more than one analog input, for example: microphone inputs, line-in inputs, 
and a modem input. Each of these analog inputs may be used as the connection to the positioning system described 
herein. However, microphone inputs have certain advantages over other kinds of analog inputs. Notably, power for the 
base station can be obtained from the microphone jack, and thus no separate connection is needed for the power source. 
[0157] A disadvantage specific to a modem input is that many modems do not have the ability to transfer raw data 
45 from the modem jack to the PC's memory. Instead, the data transferred from the modem is automatically processed as 
modem information. 

[0158] A disadvantage common to modem and line inputs is that the signal levels on the modem input and the line 
input must be higher by an order of magnitude than the signals on the microphone input. This adds a requirement for 
additional complexity and circuitry to the positioning system. 

50 [0159] Reference is now made to Fig. 1 B, which is asimplifiedblockdiagram illustrating asecond preferred embodiment 
of the present invention. Parts that are the same as in previous figures are given the same reference numerals and are 
not described again except to the extent necessary for an understanding of the present figure. The embodiment of Fig. 
1 B differs from that of Fig. 1 A in that decoding of the signals received from the pointing device is carried out in the base 
station 20. The base station thus is able to output digital co-ordinate position information regarding motion of the pointing 

55 device 14. Thus the base station does not need to be connected to the analog input 12 and may instead be connected 
to any suitable digital input, or may be for stand alone use. 
[0160] The positioning system of Figs. 1 A and 1B consist of 3 parts: 
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1. a positional element 14. As described above, the positional element may be in the form of a mouse, stylus, or 
light pen, or it may be a robot or part of a robot or a playing piece in a game or any other element whose position 
may need to be tracked. For example an electronic game of chess or the like may use playing pieces which are all 
positional element according to the present embodiments. 

5 2. an array of sensors 22 and pre-processing hardware, preferably arranged together into base station 20 which 

connects to analog input 12, such as a microphone jack. In the embodiment of Fig. 1B, a CPU may be added to 
allow for full processing of the data within the base station 20 so that actual absolute or relative co-ordinate information 
is the input sent to the computing device, in which case a standard digital input may be used instead. Alternatively 
the embodiment of Fig. 1 B may be reserved for standalone use, in which case it supports its own applications and 

to does not connect to a computer. 

3. Client software including an algorithm which decodes the signal information data and outputs the position coor- 
dinates. It is noted that the client software may be provided with the system as a system driver, or may be incorporated 
into an operating system or may be provided as part of an application intended to use position data from the system. 

15 [0161] A non-exclusive list of possible uses for the system include: 

Converting a standard screen to a "touch screen". The screen itself can be a conventional screen, yet the stylus 
has a contact sensor to indicate whether it is in contact with the screen, and the position sensing works independently 
of the screen. The result is a device that looks and feels like a touch screen and yet does not require the materials 
20 and complexity that goes with having a touch screen. The same principle may of course be applied to a writing pad 

or any other kind of surface. The pressure sensor may be a piezoelectric crystal. 

Interactive white board with the sensing device attached to a standard whiteboard. Again the result looks and feels 
like a standard whiteboard, yet the board need contain no electronics or special materials at all. 
Digital writing pad: In a digital writing pad, standard A4 or any other size paper can be used, and a base station 
25 located in the vicinity can detect the movement and produce an electronic version of the movement of the pen. 

Gaming. As described above, positional elements or pointing devices can be constructed in the form of playing pieces. 
Digital drawing boards and interactive books. 

Digital signature applications, for example incorporating the ability to capture unique digital signatures and use them 
in verification of authenticity for documents, and other issues. The application is described in greater detail below. 
30 . Robotics applications (see above) 
Digital pen for cell/pda/pc etc. 
Toy and game type applications. 
Inventory tracking applications. 

35 [01 62] The user is preferably supplied with sensing array apparatus or base station 20 and pointing device 1 4. As will 
be described in greater detail below, the pointing device 1 4 preferably emits acoustic, and I R or electromagnetic signals. 
The emitted signals enable the array or the computing device or combination thereof to calculate the position of the 
pointer, and provide the calculated position to a local operating system or requesting application. 

40 Principle of Operation 

[0163] The system is intended to be interfaced to the analog input of a computer or like device. A particularly useful 
analog input is the microphone input, and in order to interface to a standard microphone input, the following issues are 
considered: 

45 

1. PC's, PDA and cellular telephones generally have only one microphone input. Yet the sensing array has two, 
possibly more, sensors and may also be required to service standard microphone input. As explained above, the 
problem of inputting signals from multiple sources to a single microphone input can be solved relatively simply by 
multiplexing. There are two preferred kinds of multiplexing: time division and frequency division multiplexing. 

50 2. The input bandwidth of a typical and widespread sound card type, the Sound Blaster <B for PC's does not exceed 

22KHz for the most advanced models. Indeed, in order to provide a system that is compatible with earlier models, 
an assumption of 1 0KHz is preferably designed for. With PDA's and cellular telephones, input bandwidth is typically 
below 3KHz. Transmitting frequencies in the 0-10KHz band, and even more so in the 0-3KHz band, is not practical 
because of the annoyance it causes users, and because of poor SNR. Indeed, much of the day to day acoustic 

55 noise resides in the lower frequencies covered by these bands. On the other hand, ultrasonic frequencies only begin 

above 22KHz and thus, in order to use ultrasonic waves with the sound card electronics, frequency down conversion 
is preferred. 

3. A power supply is needed for the additional electronics. As mentioned above, the microphone input can be used 
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as a power source. In use, a charging channel can be multiplexed alongside the signaling channels to charge the 
base station 20. Additionally or as an alternative, it is possible to store kinetic energy generated by the user's 
movements and convert the kinetic to electronic energy, thus eliminating the need for a battery or prolonging battery 
life. 

5 4. Sampling frequency: most of the Sound Blasters ® sample at rates up to 44.1 KHz, the Nyquist rate, and other 

sound cards have similar behavior. PDA's and cellular phones sample at rates of 6KHz. The sampling rate provides 
a limitation on system design that implies that the synchronizing signals emitted from the pointing device are required 
to retain position data with sufficient accuracy even at low sampling frequency. Sharp microsecond "delta" pulses, 
commonly used by other positioning systems, are incompatible with the sampling rates available. Preferably, sub- 

10 stantially continuous signals are used. 

[0164] The preferred embodiments include wireless communication between the pointing device 14 and the base 
station 20, which is connected to the computer's microphone input. A simpler embodiment uses wired communication 
in which there is provided a cable connection between the base station and pointing device. The embodiment is particularly 
15 useful in a "mouse"-type implementation where relative position or movement is wanted and such an implementation is 
particularly simple and cost effective. However, a wired solution is not appropriate for many applications and thus a 
wireless solution is also needed. 

[0165] There are several known ways of determining the position of the pointing device, as described above. Each of 
the known methods can be incorporated into embodiments of the present invention. In particular, dedicated circuitry 
20 preferably converts sensor output into signals that can be fed into a standard microphone input. A number of preferred 
embodiments are described in greater detail hereinbelow. 

Acoustic Positioning 

25 [0166] A preferred embodiment utilizes acoustic positioning. The idea of acoustic positioning is to measure a time 
difference between two signals of different speeds arriving at the sensor array. The time difference gives an indication 
of the distance to the source. If two different sensors are used then triangulation can be used to fix the source position. 
If three appropriately located sensors are used then a position in three dimensions can be obtained. The two signals 
are, in a preferred embodiment an acoustic signal and an IR or other electromagnetic signal. 

30 [0167] The velocity of sound waves at sea level is a known value. The IR or other electromagnetic signal travels at 
the speed of light and for the purposes of the precision levels of such a pointing device, is treated as being instantaneous. 
A coordinated release of the IR and sound signals is made. Then delays are measured between the arrival of the IR 
signal and the two versions of the sound signal at the two sensors. The two delays are converted into distance and the 
distances can be triangulated with the known distance between the microphones to give a 2-dimensional coordinate. A 

35 third microphone can receive a third version of the sound signal from which a third delay can be used to add a third co- 
ordinate. Suitable placement of the microphones may give an accurate three-dimensional co-ordinate. 
[0168] In a further preferred embodiment it is possible to replace the IR sensor and the IR signal by an additional 
microphone. The result is greater calculation and a degradation in accuracy but greater device simplicity. 
[0169] The above embodiment is relatively straightforward, and is applicable to hardware provided in some existing 

40 pointing devices. 

The Pointing Device 

[01 70] Reference is now made to Fig. 2, which is a simplified diagram illustrating a positional element suitable for use 
45 in the above-described acoustic positioning embodiment. The positional element 14 is in the form of a pointing device 
and comprises a miniature speaker 26 which serves as a transducer to produce sound from electrical signals. The 
speaker is preferably optimized for ultrasonic wavelengths. In addition an LED 28 maybe provided to transmit the second, 
substantially instantaneous, signal. Instead of an LED, an antenna may be used to transmit other RF signals of suitable 
frequencies. 

50 [0171] Controlling logic 30 is preferably implemented by a microprocessor and provides coordination between the 
speaker 26 and the LED 28, to give a signal combination from which a meaningful delay can be determined. The 
controlling logic may provide other controlling functions as deemed necessary. 

[0172] Battery 32 provides power for the pointing device 14. In an alternative embodiment the battery can be replaced 
by an inductive coil which is powered by induction from the base station. Such an alternative saves the need for battery 
55 replacement in the pointing device but limits range and adds complexity to the base station. 

[0173] A switch 34 may optionally be provided. The switch may be provided for any of a range of functions or may 
simply provide a signal whose purpose is decided by the operating system or application to which the signals are 
eventually submitted. For example the switch may be used to change the color of lines traced out on the computer 
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screen, or in place of mouse clicks, or for shooting in games, or for indicating contact with a screen surface. In the latter 
case the switch may be designed to close upon physical contact with the screen. 

Base Station-Side Hardware & Sensors 

5 

[0174] Reference is now made to Fig. 3A, which is a simplified diagram illustrating the internal components of a base 
station suitable for use with the pointing device of Fig. 2. The base station preferably comprises an array of at least 2 
microphones 36 and 38 to pick up the signal from speaker 26. It will be appreciated that the microphones act as 
transducers to convert the sound back to electrical signals. In addition, an IR photodiode 40 detects the IR signal from 

to LED 28. In a variation, an antenna may replace the IR photodiode, as explained above. 

[01 75] Pre-amp and filtering circuitry 42 is preferably provided for each of the sensors 36, 38 and 40. Time or frequency 
multiplexing functionality 44 allows the signal to be multiplexed onto a single channel. Frequency down-conversion and 
mixer functionality 45 allows the signals as received to be converted downwards to frequencies compatible with the 
analog input that is being used. 

15 [01 76] A microprocessor 46 or other controlling logic is used to control and coordinate the base station. Synchronization 
data allows the microprocessor to synchronize the signaling components. 

[0177] A cable and jack 48 are provided for connection to the computing device's microphone socket, or any other 
input having an A/D converter. Data into the analog input is preferably buffered and filtered by buffer and filter circuitry 
49. Buffering may be different depending on whether a microphone socket or some other input is used. 
20 [0178] Power supply circuitry 50 permits usage of the microphone jack simultaneously as a power source for the base 
station and for data output. 

[0179] When using a host CPU to decode the positioning data transferred from the analog input, there is an inherent 
problem of synchronization. The clock of the positional element, that is the pointing device or wireless terminal, is not 
synchronized with the base station, which in turn is not synchronized to the host device's A/D converter. The synchro- 
's nization of the wireless terminal and the base station can be achieved with IR or RF signals, as described herein. 
Synchronization further on down the line with the host time base is in many cases impossible. Even with a relatively 
high sampling rate such as 50KHz, the mismatch between the IR synchronization signal and the A/D sample may be in 
the order of 20uSec, which correspond to few centimeters in the measured location. Such imprecision is not suitable for 
most applications. Furthermore, even if good synchronization is achieved at a certain instance, the clocks of the two 
30 systems, namely the host and the base station, tend to drift over time due to limited accuracy of existing crystal tech- 
nologies. 

[0180] To overcome the above-described host synchronization issue, the base station preferably uses a certain time 
or frequency slot to transmit to the host a synchronization pattern which is at the Nyquist rate of the host A/D converter. 
The host can use the pattern to determine the phase difference between its own clock and the positioning time base clock. 
35 [0181] The synchronization pattern can be transmitted at a regularity sufficient to compensate for clock drift, and there 
is no need to send such a signal at every loop cycle. 

[01 82] In afurther preferred embodiment, the base station circuitry sends commands to the positional element, whether 
by acoustic, light, infra-red, RF or any other form of signal that the pointing device is capable of responding to. In such 
an embodiment, the positional element 1 4 has RF or light receivers. Upon reception of a command, the pointing device 
40 may emit a signal such as the acoustic signal discussed above. The time of emission of the instruction from the base 
station is known, and can be used to start timing a delay in receipt of the acoustic signal. The respective delays of the 
acoustic signals at the different microphones can again be used to arrive at position co-ordinates. 
[0183] A base station for the embodiment of Fig. 1B is shown in Fig 3B. Parts that are the same as in Fig. 3A are 
given the same reference numerals and are not described again except to the extent necessary for an understanding 
45 of the present figure. In Fig. 3B, an A/D converter 55 takes the output of the down conversion 45 and provides it to CPU 
56. CPU 56 is connected to a memory 57 and a digital data port 58. The CPU carries out decoding of the waveform to 
determine the position of the positional element 1 4 and may additionally run applications using the positional information 
thus determined. The features are preferably provided within a base station chipset. The solution leads to a more complex 
and therefore costly base station than that of Fig. 3A. However, the circuitry can be dedicated for use with the signal- 
so to -co -ordinate decoding algorithm to be described below, and thus is still relatively simple in comparison with currently 
available solutions. 

Decoding Algorithm 

55 [0184] A decoding algorithm is preferably provided to convert digitized versions of the pointing device signals into 
position coordinates for passing to a local operating system or directly to an application or the like. The algorithm is 
preferably provided as part of client software for the computing device, either as a driver for the base station or built in 
to the local operating system or exceptionally as part of a specific application. In the embodiments of Fig. 1 B the algorithm 
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may be incorporated into the base station electronics. 

[01 85] The algorithm preferably takes into account the relatively low sampling frequency capabilities likely to be avail- 
able by carrying out frequency down conversion. The conversion reduces the data frequency from the relatively high 
frequencies needed for transmission from the positional element to the relatively low frequencies that installed sound 

5 hardware is likely to be able to sample and digitize. In addition the algorithm preferably includes an ability to handle 
noise and is preferably adapted for specific issues in the handling of low frequency signals in general. 
[0186] As mentioned above, the known art in the position location field concentrates on the use of very short and 
energetic acoustic signals as the location signal. In order to achieve good resolution, the known solutions dictate high 
sampling frequencies, typically higher than 400KHz, in order to be able to find such short location signals and not miss 

to them entirely. The present embodiments by contrast preferably do not use sampling rates higher than 44.1 KHz, since 
such frequencies are incompatible with the installed base of sound processing equipment. Furthermore, it is recom- 
mended to keep the beacon signal sound frequency higher than 20KHz, that is within the ultrasonic range, so that users 
do not hear it. These two demands require a solution in which data is modulated over an ultrasonic carrier signal or 
waveform. The data can be frequency modulated (FM) or phase modulated (PM) onto the carrier comprising the ultrasonic 

15 signal, or any other known method may be used. The algorithm preferably operates to decode the modulated signal and 
to reconstruct the original position-information bearing signal from the results of sampling thereof. In the present em- 
bodiment it is preferred to use band-limited signals in order to achieve a desired resolution level. 
[0187] Preferably, continuous wave (CW) modulations such as spread spectrum and frequency hopping are used, in 
acoustic position finding, to overcome reverberation and multipath effects. 

20 [0188] Typically, more than one detector is used, and the signals from the detectors are multiplexed for a single input. 
In certain cases, the need for multiplexing may be avoided. For example, in the case of a stereo input sound blaster ® 
or similar stereo sound card, one can feed two signals into the microphone input, and another two signals to the "Line- 
In" input, making a total of four signals that do not need to be multiplexed together. Thus, the base station does not 
require a time division multiplexer for input access purposes. Rather, up to four sensors may be fed directly to the sound 

25 card, and the sound blaster's ® internal circuitry is then able to take care, using an appropriate software driver, of the 
received signals. It is noted, however, that even stereo input sound blasters have a maximum of two A/D converters, so 
that time division multiplexing is still needed to enable the sound card to carry out sampling over more than two channels 
simultaneously. 

[0189] In order to enable the stereo input sound card to sample four separate channels over two A/D converters, the 
30 transmitted signals may thus be synchronized with each other by the base station. Such synchronization may be achieved 
in a number of ways. Oneway is to send synchronization data from or to the base station alongside the signals themselves. 
Another method requires cyclic transmission, that is to say the signals are sent in a coordinated manner so that a signal 
period or phasing between the channels that is known to both sides is used. The methods hereinbefore described thus 
provide data synchronization, both with and without an internal time division mechanism. 
35 [0190] It is pointed out that the use of the separate stereo inputs, as described above, has certain drawbacks in 
comparison to other embodiments described hereinbefore. Thus for example there maybe a phase difference between 
sampling carried out at each of the two A/D converters, and thus a calibration stage has to be performed before using 
the system. Otherwise, the phase difference itself may confuse the distance determinations, leading to reduced accuracy. 
[0191] Another drawback is that relatively complex software driving functionality is required to keep switching timing 
40 between the microphone input and the "Line In" input as accurate as possible. A jitter of a mere IjutSec between the 
switching timings can result in 0.3mm of measurement inaccuracy at room temperature. 

[01 92] In addition much of the installed sound card base only allows for mono input. Very few sound cards are equipped 
for stereo microphone input. 

[01 93] Additional cost may be added because, in order to use the additional inputs, an additional connector and wiring 

45 have to be provided on the base station, which most users will not be able to utilize. 

[0194] A preferred embodiment of the present invention uses a maximum likelihood detector for decoding the signals 
received from the sensors to determine the distances to the individual sensors. At the maximum likelihood detector, the 
signals received from the sensors, via the base station, are compared to reference signals. The comparison indicates 
a most likely signal and from the most likely signal a distance is determined as the distance from which the signal was 

50 most likely transmitted. 

[0195] The maximum likelihood detector preferably uses a full mathematical model of the channel to construct a look 
up table of reference signals against which to compare received signals so that a best match distance can be found. As 
an alternative, the expected waveform can be sampled at the Nyquist rate, and any timing mismatch between the 
sampling points can be overcome by extrapolation functions, to reveal the distance. Reference is now made to Fig. 4, 
55 which is a simplified block diagram indicating typical components of a mathematical model for incorporating into a 
maximum likelihood detector of the kind considered above. The model 60 comprises an initial signal sequence S (t) which 
is fed into the transfer function H1(s) of the transducer 26 within the mobile unit 14. The mobile unit is followed by air 
gap 62 which is modeled simply as a delay. The air gap is altered for different distances. The result is then fed to the 



14 



EP 1 504 330 B1 



reception path in the base station 20 which includes transfer function H2(s) for the microphone 36, equalization H3(s), 
and low pass filtering H4(s) as well as mixing and any other features of the path. The full modeling of the channel is 
useful in the design of the maximum likelihood detector in that it allows accurate expected signals to be constructed 
against which the received signals ideally differ only in phase. The detector is then relatively easily able to distinguish 
5 the most likely signal, which in turn corresponds to the most likely distance. 

[0196] The IR signal is used in the maximum likelihood based scheme both to set the start of the delay and also to 
synchronize clocks between the mobile unit and the base station. Synchronization path 64 is indicated on the model. 
Specifically, path 64 provides a synchronization signal to the local oscillator. 

[0197] The skilled person will appreciate that acoustic signals have differing angular transfer functions. An equalizer 

to can be added to the base station in order to compensate for this fact. 

[0198] The IR (or other electromagnetic) signal preferably also points, via a second path 66, to a start time equivalent 
to a zero distance in a distance look up table 68. The most likely signal obtained by the maximum likelihood detector is 
then used to identify a most likely non-zero distance from the look up table. The skilled person will appreciate that, 
instead of a look-up table, it is possible to use an array generated on the fly. Furthermore, other detectors may be used; 

15 and there are several known decoders of FM signals, such as PLLs, l/Q demodulation, phase multiplication etc. 

[0199] The maximum likelihood distance may then be tested by means of correlation, and reference is briefly made 
to Fig. 5, which is a two-part graph showing a typical correlation function that may be used. The top part of the graph 
shows the function, and the lower part of the graph is an enlarged or zoomed view of the upper central part of the graph. 
[0200] Reference is now made to Fig. 6, which is a simplified block diagram showing a decoding unit 70 for carrying 

20 out decoding as described above. The decoding unit 70 comprises a maximum likelihood detector 72 which uses channel 
model 60 as described with reference to Fig. 4 above, and look-up table 68. The maximum likelihood detector 72 is 
followed by correlator 74, which uses correlation function 76 to carry out correlation using the distance detected as most 
likely by the maximum likelihood detector 72, to confirm that the detected distance is correct. 

[0201 ] Reference is now made to Fig. 7, which is a simplified diagram showing a pointing device according to a further 

25 preferred embodiment of the present invention. Parts that are the same as in previous figures are given the same 
reference numerals and are not described again except to the extent necessary for an understanding of the present 
figure. The pointing device of Fig. 7 differs from that of Fig. 2 in that it additionally comprises an encoding unit 80, 
connected between the LED 28 and the speaker 26. Encoding unit 80 provides additional coding of the signal prior to 
output to speaker 26. Additional coding of the signal can be used for greater signal robustness and also to minimize 

30 interference with neighboring users. The latter has several benefits. It allows multiple users to use the same base station, 
or it may allow a single user to use several pointing devices, for example in a game such as chess. If each playing piece 
is a different pointing device and signal decoding allows the different pointing devices to be distinguished then the system 
is able to incorporate multiple playing piece games. Minimizing interference with neighboring users may further allow 
the co-existence of multiple users in the same room. 

35 [0202] One of the preferred ways of minimizing interference between different pointing devices is by using pseudo- 
random frequency hopping algorithms. Each mobile unit preferably has a pseudo-random frequency hopping sequence 
incorporated within encoding unit 80, or if preferred within controller 30. The base station, or the decoding unit as 
preferred, has a corresponding dehopping unit which is able to synchronize on the same hopping sequence. A preferred 
embodiment provides synchronization by using the IR or other electromagnetic, signal to transfer the hopping sequence 

40 to the base station. Another preferred embodiment uses factory calibration to provide a sequence. 

[0203] One of the applications that can be realized with a position detection system based on frequency hopping is 
integration of the base station 20 of the system with a WLAN base station. The result is an enhanced WLAN and 
positioning base station able to support multi users and able to manage each of the users data separately. The users 
are able for example to write on paper or on their own electronic pads using pointing devices belonging to or compatible 

45 with the WLAN. Unseen, the WLAN traces the movements of each of the users separately and produces networked 
electronic versions of each of their hand written documents. For the purposes of writing on paper, the pointing device 
14 is a combination of the pointing device of Fig. 2 and a standard pen. 

[0204] Customer and application needs vary, and individual applications may require maximization of particular var- 
iables in relation to others. For instance, in certain applications, accuracy may be of less importance than consumption 
50 of current, and thus possible accuracy levels or the number of detectors in operation may be reduced in favor of reduced 
currentconsumption. In order to allow such system-specific optimization without manufacturing a range of similar devices, 
a flexible programmable scheme is preferred, both for the base station and for the mobile unit. 

[0205] Flexible programming may be performed by burning fuses or by use of nonvolatile memory (as ROM or EEP- 
ROM). Typical data for setting in this way includes: 

55 

Sampling rate per second, 
Transmission power, 
2-D or 3-D application, 
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and the like. 

[0206] The positional element 14 may additionally be supplied with a pressure sensor, whose output can be used by 
appropriate applications to allow graphical or security features. For example a line may be drawn differently depending 
on the pressure applied. A suitable pressure sensor for incorporation into a pointing device may comprise a digitizer (1 0 
bits or less), a strain gauge and a driving circuit. 

[0207] Yet another feature may include the ability to measure the angle of the mobile unit (useful for instance in digital 
stylus applications). A suitable angle sensor for incorporation into pointing device 1 4 may comprise a tilt gauge, digitizer 
and driving circuit. In a further embodiment, two position indicators such as ultrasonic loudspeakers may be placed at 
either end of the pointing device, each transmitting in a manner that renders the signals distinguishable. The angle of 
the pointing device may then be derived by calculating each of the positions and performing simple geometry between 
them. 

Stand Alone Base Station 

[0208] As mentioned above, in the embodiment of Fig. 1 B, base station 20 includes the ability to decode signals 
without the support of the host computing device 1 0. 

[0209] The decoding algorithm described hereinabove does not require especially powerful processing power and it 
is thus feasible to include a limited resource CPU into the base station without increasing the overall cost. In a preferred 
embodiment, a computation power of -1 MIPS is used to decode the signals. Such low computation power can in fact 
be integrated into a single customized base station chip, or as a low cost add-on. The use of such a CPU allows a more 
conventional connection to hosts, such as: UART, USB, Serial and others since the signal that is transferred is the 
processed result of the positioning and not the raw signals. Such an output is also suitable for direct use within WLAN 
and BlueTooth. 

[0210] Such a stand-alone base station preferably includes a digitizing element, (A/D converter), a CPU, a memory 
and interface circuitry. 

Positioning with Light 

[0211] Reference is now made to Fig. 8, which is a simplified block diagram illustrating a variation of the above- 
described embodiments using light direction finding sensors. Parts that are the same as in previous figures are given 
the same reference numerals and are not described again except to the extent necessary for an understanding of the 
present figure. A sensor 90 comprises two LEDs 92 and 94 offset by a predetermined angle. A differential amplifier 96 
is connected, via each of its two differential inputs, between the two LEDS 92 and 94 so as to measure the difference 
between levels of current in each of the LEDs. LED 28 in the pointing device 14 produces a narrow light beam whose 
direction can be measured from the sensor. The sensor 90 is preferably constructed with optics in the form of lenses 
98 and 100 to cover the sensing area and ensure that light coming from a predetermined field view falls directly onto 
the sensing area. 

[0212] The base station is essentially the same as that in Fig. 3, except that in place of microphones there are light 
direction finding sensors 90 and the separate IR photodiode is not needed since all of its synchronizing and like functions 
can be taken over by the photodiodes of the light direction finding sensors. 

[0213] The corresponding decoding algorithm deals with a different kind of information part of the signal but the 
underlying information is dealt with substantially in the same way. Finding both a direction and distance is akin to the 
principles behind stereoscopic vision and angles at two sensors are found and triangulated to give a position. Otherwise 
the same issues apply as to the decoding algorithm of the previous embodiments, namely issues of the low sampling 
rates and low frequencies needed if the system is to take advantage of the analog input and the computing device 
hardware. 

Attitude Detection with ultrasonics 

[021 4] Reference is now made to Fig. 9, which is a simplified diagram showing the positional element of Fig. 2 adapted 
for attitude detection. Parts that are the same as in Fig. 2 are given the same reference numerals and are not described 
again except to the extent necessary for an understanding of the present figure. A second speaker 26' is provided at a 
predetermined distance from the first speaker 26. Preferably the two speakers are provided at opposite ends of the 
element. Each speaker issues a separate waveform which is separately detected and the attitude of the element is 
determined by drawing a straight line between the two positions. The two speakers preferably are able to identify 
themselves to the detectors and to operate simultaneously. Their respective signals may be time or frequency multiplexed 
to work together and in one preferred embodiment the two speakers use frequency hopping, each using a different 
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pseudo-random sequence. 
Electromagnetic Positioning 

5 [0215] Another method that can be used with the microphone input is electromagnetic positioning. A board with 
orthogonally arranged magnetic loops (conductors) serves as a writing pad. A pointing device emits electromagnetic 
signals, which are picked up by the pad's magnetic loops. By analyzing the signals, the pointing device's position can 
be calculated. The loops can be printed onto a PCB and can be made small enough to give any desired level of precision. 
[0216] The pointing device is the same as that of Fig. 2, except that the LED 28 is replaced by an electromagnetic 

to transmitter including an emitting antenna and associated modulating circuitry. The base station comprises built in loops 
as sensors with RF demodulating circuitry but otherwise is the same as the base station of Fig. 3. 
[0217] The decoding algorithm again has to deal with a different kind of information part of the signal but otherwise 
covers the same issues as those discussed above. 

[021 8] The positioning system of the present embodiments has a wide range of applications, a few of which are listed 
15 below. Preferably a single electronic device is manufactured, and is set up in different ways for the chosen application, 
possibly by the use of jumper or dip switches. The switches may allow configuration of the system for the most appropriate 
trade-offs for the given application. In some applications low power consumption is important. In others accuracy of 
positioning is critical. In yet others, accuracy is less important than rapid updating and the number of samples per second. 
In others range is important, and in yet others the ability to accommodate large numbers of users may be critical. 
20 [0219] In the following, a number of applications of the above-described technology are considered. 

Global Tracking System 

[0220] Reference is now made to Fig. 10, which is a simplified diagram illustrating a conference room fitted with a 
25 global tracking system. The global tracking system comprises a wireless LAN system 1 1 0 with an embedded base station 
according to the present embodiments. A series of users 112 in the conference room have positional elements 114 
according to the preferred embodiments. Each positional element has its own unique identity as described above. The 
various positional elements transmit waveforms, and the waveforms are detected by the global tracking system. The 
waveforms may additionally be tracked by tracking systems local to the user, such as standalone base stations 1 16, 
30 cellular telephone 1 18 with built in base station, and the like. In addition the conference table itself may have its own 
master base station 120 combined with the conference room telephone facility. 

Toy applications 

35 [0221] Toys with positioning can be divided into three sub-categories, to be explained below: 

Front of Screen Games, 
Front of computer Games, and 
Computer Free Environments. 

40 

Front of Screen Games - these are games in which user interaction is directly with the computer screen, for example: 

(a) Toy Finger: 

45 a. a toy pointing devices for toddlers and / or children to point at computer screens in order to interact with the 

website and / or program. Touching with the pointing device on the screen launches a cartoon website inside 
the member zone of the toddler. The pointing device also acts as the means to interact with objects appearing 
on the screen. 

b. The pointing device, perhaps in the outward form of a pointing finger or cartoon character, and technologically 
50 a digital pen, has its unique identity, according to any of the above embodiments. 

(b) Toy Bird: 

a. A game is provided in which the user flies a bird to a nest located in upper right hand side of the screen in 
55 order to receive points or applause. 

b. The implementation is as for the pointing finger above. 

(c) Wireless Joysticks 
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a. A possible application of the technology is a wireless joystick for computer games. Joysticks have applications 
across the computer game industry. 

Front of Computer Games- Front of computer games are games where interaction happens in the vicinity of the computer, 
or for that matter the PDA, cellular telephone, or an element attached to the computer. Examples are as follows: 

Battlefield Game 

a. With reference now to Fig. 1 1 , pieces 122 move over a board 124. The board may typically be a battlefield 
in which two opponents join battle. Playing pieces represent soldiers and weapons which advance towards 
each other and fight. Certain aspects of the game occur only on the screen. For example if one of the players 
advances his soldier to a specific location containing a mine, the resulting explosion occurs on the screen. 

b. Each of the soldiers and weapons (vehicles, etc.) has a Wireless Terminal that has its own unique identity 
embedded therein. A Base Station/s embedded within the computer or an element attached to the computer 
receives the unique positioning coordinates of each and every soldier, vehicle, etc. and coordinates it using a 
war plan application on the computer. 

Computer Free Environments - Computer free environment games are games that do not require a PC because they 
themselves carry a sufficiently powerful CPU. 

(a) Battlefield Games - as above but standalone, without the computer. 

(b) Positioning enabled toy cars 

a. A car follows or otherwise interacts with another car 

b. One car has a Base Station unit while the other has a Wireless Terminal unit. The second car is thus able 
to follow the first one or otherwise interact therewith. 

(c) Independent Robots 

Reference is now made to Fig. 12, which illustrates a game in which a series of independent robots 130 keep track 
of each other's position and the position of a ball 132 and transfer the ball between them. Each robot has a positional 
element for the robot as a whole and additional positional elements for each limb whose position is needed for the 
kind of maneuvers intended. In one embodiment each robot includes its own standalone base station and makes 
its decisions based on incoming positional data from itself and from the surrounding robots. However in a second 
simplified embodiment each robot only has positional elements and control circuitry. Tracking is carried out by an 
external base station which then instructs the robots on how to move. Thus only a single intelligent device need be 
provided and the robots can be relatively unsophisticated. 

In the embodiment, one robot transfers a ball to a second robot. The second robot takes the ball and transfers it to 
a third robot. 

In an alternative embodiment a joystick can control the movement of a robot while the others automatically try to 
catch him based on his positioning. The application can make use of two-way communication, as explained elsewhere 
herein. 

(d) Positioning enabled building blocks 

a. Building blocks are each supplied with their own unique identity. One can build various constructions inter- 
actively, receiving computer guidance during the course of building. 

b. The building blocks are each supplied with a Wireless Terminal and a unique identity. 

(e) Command & control gloves 

Command and control gloves for virtual reality or like games. Each limb of the glove is provided with position location 
ability according to the above embodiments. In accordance with the present embodiments such positioning ability 
can be provided simply by attaching a sensor to the end of each finger of a regular glove. Thus each finger is provided 
with separate positioning ability to be read as desired by the game application. Alternatively or additionally, rings 
on the fingers may provide wireless terminals or straps may be applied on any part of the body of the user or on 
items or accessories used in the game. 
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Inventory application 

[0222] Reference is now made to Fig. 13, which is a simplified diagram illustrating an inventory system according to 
an embodiment of the present invention. Positional elements are embedded in items of stock 1 40 it is desired to inventory 
5 and a base station 1 42 is provided in the premises to track movement. Such a system is advantageous in tracking stock 
that moves frequently and for which updated information is needed. 

Manufacturing application 

10 [0223] Reference is now made to Fig. 14 which shows a number of robots 150 arranged about a production line 152. 
Each robot has a production task and limbs and mobility to carry out the task. Base stations 154 keeps global control 
of the robots. 

[0224] Each robot may have a positional element for the robot as a whole and/or positional elements for each limb 
whose position is needed for the kind of maneuvers intended. In one embodiment, where robots need to interact with 

15 each other, each robot includes its own standalone base station and makes its decisions based on incoming positional 
data from itself and from the surrounding robots. However in a second simplified embodiment each robot only has 
positional elements and control circuitry. Tracking is carried out by the external base stations 154 which then instruct 
the robots on how to move. Thus only minimal number of intelligent devices need be provided, and relatively unsophis- 
ticated robots can provide group behavior. 

20 [0225] Higher precision can be achieved by putting additional wireless terminals in the detection space, at pre-deter- 
mined locations. Measuring these units will calibrate the absolute measurement of the moving terminals so that a greater 
precision can be achieved. 

Security Application 

25 

[0226] A pointing device with a base station according to the present embodiments can be incorporated into an 
electronic identification scheme. Personal written signatures are often used for identification but a skilled forger is able 
to copy other persons' signatures. A forger however, copies the outward appearance of the signature and not the way 
in which the user applies pressure to the pen or holds the pen, say at a given angle on a given part of the signature. A 

30 pointing device, that the user can use as a pen to write on paper, and which can supply not only movement information 
but also pressure and attitude information, provides an enhanced security personal signature. Systems for obtaining 
signature information which incorporate pressure as well as the outward appearance are in use, however, use of the 
present embodiments makes such a system cheaper and more flexible. In addition, attitude information of the pen allows 
for greater verification. The angle of the pen can be measured by adding an additional angle sensor to the pen. The 

35 angle sensor may comprise an accelerometer or may use an additional location signal transmitter on the other side of 
the stylus, as described above. In the latter case, the base station determines the XYZ locations of the two transducers, 
from which the angle of the stylus can be calculated. The angle is then used as additional factor and results in an 
electronic version of the signature which is a triplet of three vector values (XY location, pressure, angle). 
[0227] The following embodiments describe an enhanced identification apparatus, which integrates positioning with 

40 other security methods. 

[0228] Usage of a pointing device in the form of a stylus as an authentication means. A group of styluses are provided 
as part of the system. One of these styluses is provided to each of an identified group of users and each stylus is provided 
with its own electronic identity. 

[0229] By identifying the stylus, the user presently interacting with the system is identified and this allows verifiable 
45 usage of the system in security-wise applications. The user may also be required to provide his usual signature, which 
may be electronically verified based on movement and applied pressure or the like. 

[0230] For greater security, a stylus can also be provided with a feature to enable a digital signature, for example 
based on the Public Key Infrastructure (PKI). The user may sign with his usual hand-written signature. Once the hand 
signature is verified, the system uses the stylus to provide a digital signature to the document using a PKI algorithm. 
50 Such a feature requires 2-way communication between the pointing device and the base station, which can be provided 
using available IR or RF channels. The electronic signature thus provides a guarantee both that the personalized stylus 
was used and that the authorized user was verified. 

[0231] As an alternative or in addition to the above, a keypad may be added to allow the user to enter a personal 
identification number (PIN). 

55 [0232] As a further alternative or in addition to the above, the system may further incorporate a biometric sensor to 
the stylus or the base station to increase the security level. The biometric sensor may be for fingerprint recognition, 
retinal signature recognition, voice signature recognition and the like. 
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Additional Stylus Applications 

[0233] A stylus or digital pen may additionally be used for: 

■ Remote control. The position of the stylus may be tracked and used to exert control over a system. Thus pointing 
to a device may appear to make it operate. Twisting the stylus whilst pointing may affect the operation of the device. 

■ Wristwatch phones may be supplied with a miniature stylus to write on the face of the phone or on an adjacent 
small pad attached thereto. Alternatively writing may be carried out on regular paper and the watch located nearby 
to track the stylus movement. 

■ The stylus may be used to provide SMS messages instead of having to type them in through the keyboard and/or 
may provide the ability to sketch and send the sketch as a file. Likewise the stylus may be used to input a telephone 
number which is then dialed. The same idea may be applied to conventional telephones. 

■ The stylus may be used to enable writing for data input etc to other devices such as cash registers, gaming 
devices, Cable TV, refrigerators, etc. 

■ The stylus of the security application discussed above can be used as part of a cheque or credit card signature 
authentication in front of a point of sale device. 

■ Speaker pen - Provide the computing power is available, upon writing, it is possible to provide an application in 
which the pen writes and the application speaks the written notes. Applications for recognizing handwriting are well- 
known, and applications for electronic voicing of writing are known. The combination of the two with the stylus of 
the present embodiments provides a way of reading back handwritten notes. The application may be located in the 
base station or attached computer. If using the embodiment in which transmission back to the pen is possible, then 
the pen itself can speak the written notes. 

■ Combined digital pen and translator - the pen writes and translates the output into other languages. 

■ Any combinations of the above. 

■ A standalone device serving as the Base Station, has its own screen and preferably is networked, via bluetooth, 
Wireless LAN, regular LAN or the like to printers and other devices. The arrangement provides a full range of 
coverage from hand input to final printed or any other form of output. 

Miscellaneous applications 

[0234] 

■ 3D Stereo - by placing the wireless transmitter on a person the stereo can choose how to direct different volume 
/sound from different speakers to give the person wherever he is in the room acomplete and real surround experience. 
Stereo direction as such is known but can be greatly simplified by using tracking according to the present invention. 

■ Video Tracking - Based on the same principle as stereo tracking, tracking may be used in association with a PC 
video cam to automatically follow a person who is being filmed. The embodiments are of course extendable to any 
video system and can be especially useful for video conferencing, etc. 

■ Exterior + interior positioning system for cars - for example, having elements inside the car controlled or known 
about by keeping track of their position. 

■ Tracking device - a standalone base station device with a screen directing the user to the location of an object in 
its vicinity. The system may indicate the identity and location of these objects on the screen. The system may be 
useful in a room for finding keys and other personal items. 

■ Two-way network system. The system comprises a series of device having both a transmitter and receiver. Each 
device locates and registers each other device it is aware of and between them they build a virtual network. The 
network may be built amongst themselves or may additionally use a smart hub. The result is a radio based network 
whose range is far greter than the range of any of the individual objects. Each object has the exact co-ordinates of 
neighboring objects and thus can use directional transmission to improve range or spectral efficiency and the network 
can be used to deliver data to any point or to obtain from any participant object the whereabouts of unrelated network 
objects and so forth. The network can be connected to other like networks or can have a point of access to a wider 
network. The individual elements may be provided with their own identities and the system is useful for providing 
real time tracking of teams of men and simultaneously providing them with an intercom system. 

■ A scaled down version of the inventory system may provide an Out of Range alert. A positional element may be 
provided on lose items temporarily provided to customers, for example earphone headsets provided to airline pas- 
sengers. If the customer takes away the item then an out of range alarm is set, allowing for the errant device to be 
found. 

■ A user may have a personal locator which activates doors, lights and appliances. Likewise communications 
equipment can be directed, by tracking of the personal locator, to divert calls faxes, etc. to a user. Both tracking and 
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management of the communication transfer are preferably managed over a LAN, or WLAN. The personal locator 
can itself tell the user about incoming calls and other communications and give the options for receiving the com- 
munication. In the WLAN version, the base station is preferably part of the WLAN infrastructure. 

[0235] The invention is defined by the appended claims. 



Claims 

1. A position detection system for use in association with computing applications, the system comprising: 

a positional element (1 4) for attaining a position and comprising a first emitter for emitting a continuous ultrasonic 
waveform, and 

a detector arrangement (20) for detecting said waveform in a manner permitting fixing of said position and 
outputting said waveform for computation, in a manner retentive of said position fixing ability, 

characterized in that: 

Said ultrasonic waveform comprises: 

a carrier wave, and a modulation integrated on said carrier wave from which to derive said fixing of said 
position. 

2. The position detection system of claim 1 , wherein said detector arrangement (20) is operable to emit said waveform 
decodable to fix said position, such that said waveform is decodable at low sampling rate. 

3. The position detection system of claim 1 , wherein said waveform comprises a periodicity. 

4. The position detection system of claim 2, wherein said outputting comprises providing said waveform decodable at 
low sampling rate to at least one analog input of a computing device for said computation. 

5. The position detection system of claim 4, wherein said outputting comprises providing said waveform to at least two 
analog inputs of said computing device. 

6. The position detection system of claim 1 , comprising a plurality of positioning elements, and wherein said detector 
arrangement (20) is configured to supply respective waveforms as separate channels for said outputting. 

7. The position detection system of claim 6, further comprising a plurality of detector arrangements (20) to give greater 
detection precision. 

8. The position detection element of claim 6, wherein said separate channels are time multiplexed or frequency mul- 
tiplexed. 

9. The position detection system of claim 6, wherein each positioning clement further comprises a modulator for 
modulating said continuous wave. 

10. The position detector system of claim 9, wherein said modulator is a frequency modulator. 

11. The position detector system of claim 10, wherein each positioning element is provided with a frequency hopping 
sequence to allow simultaneous use of said plurality of positioning elements. 

12. The position detector system of claim 11, wherein each said frequency hopping sequence is a different pseudo- 
random sequence. 

13. The position detection system of claim 9, wherein said modulator is an amplitude modulator. 

1 4. The position detection system of claim 9, wherein said modulator is operable to modulate data additional to positional 
data to said waveform. 
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15. The position detection system of claim 6, wherein each positioning element comprises a unique identifier. 

16. The position detection system of claim 1 , wherein said continuous wave is modulated. 

17. The position detection system of claim 16, wherein said continuous wave is modulated using spread spectrum. 

1 8. The position detection system of claim 1 6, wherein said continuous wave is modulated using time division modulation. 

19. The position detection system of claim 1 , wherein said positional element (14) comprises a biometric sensor. 

20. The position detection system of claim 1 , wherein the detection arrangement comprises a plurality of receivers, to 
provide multi-dimensional detection of said position. 

21. The position detection system of claim 20, wherein said outputting comprises providing said waveform decodable 
at low sampling rate to an analog input of a computing device for said computation and further being operable to 
multiplex signals of said waveform from each one of said plurality of receivers for said inputting to said analog input. 

22. The position detection system of claim 21 , operable to make use of a demultiplexing capability of said computing 
device to demultiplex said signals received at said analog input. 

23. The position detection system of claim 1 , wherein said positional element (14) further comprises a second emitter 
for emitting a signal additional to said continuous waveform and having a different speed therefrom, therewith to 
obtain data indicative of a distance between said positional element (14) and detectors of said detector arrangement 
(20) from a time delay between said continuous waveform and said additional signal. 

24. The position detection system of claim 23, wherein said additional signal is a light speed signal. 

25. The position detection system of claim 24, wherein the light speed signal is an infra-red signal. 

26. The position detection system of claim 1 , wherein said outputting comprises providing said waveform to an analog 
input of a computing device. 

27. The position detection system of claim 26, wherein said analog input is an input to an analog to digital converter. 

28. The position detection system of claim 27, wherein said analog to digital converter is part of a sound card. 

29. The position detection system of claim 27, wherein said analog input is at least one of a microphone input, a line- 
in input, and a modem input 

30. The position detection system of claim 29, wherein said detector arrangement (20) is configured to be powered from 
said computing device via said analog input. 

31. The position detection system of claim 1, wherein said manner retentive of said position fixing ability comprises 
retaining said ability over low frequency sampling. 

32. The position detection system of claim 31 , wherein said low frequency sampling comprises a rate compatible with 
Nyquist rate sampling of sound signals. 

33. The position detection system of claim 32, wherein said rate is below 50KHz. 

34. The position detection system of claim 32, wherein said rate is substantially 44KHz. 

35. The position detection system of claim 32, wherein said rate is substantially 6KHz. 

36. The position detection system of claim 1 , wherein the system further comprises a decoding unit for carrying out said 
computation to decode said waveform and indicate said position. 

37. The position detection system of claim 36, wherein said decoding unit comprises a maximum likelihood detector for 
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carrying out said decoding by finding a most likely distance. 

38. The position detection system of claim 37, wherein said maximum likelihood detector comprises a channel model 
for modeling passage of said waveform from said positional element (14) to said waveform decoding unit, thereby 
to provide a reference signal against which to identify said most likely distance. 

39. The position detection system of claim 37, wherein said maximum likelihood detector is followed by a correlator for 
confirming said most likely distance. 

40. The position detection system of claim 1 , further comprising a synchronizer for synchronizing between said detector 
arrangement (20) and said positional element (14). 

41. The position detection system of claim 40, wherein said synchronizer is operable to use at least one of IR and RF 
signaling to carry out said synchronizing, 

42. The position detection system of claim 40, wherein said synchronizer is operable to monitor synchronization devi- 
ations thereby to reduce a frequency with which repeat synchronizations are carried out. 

43. The position detection system of claim 40, wherein said synchronizing is with a local oscillator at said positional 
element (14). 

44. The position detector system of claim 40, wherein said synchronizer is further operable to add a synchronization 
signal to said waveform, therewith to synchronize with a host device. 

45. The position detection system of claim 1 , wherein said positional element (14) is wired to said detector array - 

46. The position detection system of claim 1, wherein said positional element (14) comprises a digital encoder for 
encoding digital data into said continuous waveform. 

47. The position detection system of claim 36, wherein said waveform decoding unit is provided as a client program for 
installation in a computing device. 

48. The position detection system of claim 36, wherein said waveform decoding unit is provided as a client program for 
installation in an operating system of a computing device. 

49. The position detection system of claim 36, wherein said waveform decoding unit is integrated with said detector 
arrangement (20). 

50. The position detection system of claim 1 , wherein said positional element (1 4) further comprises a pressure sensor 
to provide data of pressure being exerted on said positional element (14). 

51. The position detection system of claim 1 , wherein said positional element (14) further comprises attitude detection 
to provide data of an attitude at which said positional element (14) is being held. 

52. The position detection system of claim 1 , wherein said positional element (14) further comprises: 

a pressure sensor to provide data of pressure being exerted on said positional element (14), and 
attitude detection to provide data of an attitude at which said positional element (14) is being held. 

53. The position detection system of claim 52, wherein said attitude detection comprises two waveform transmitters 
placed a predetermined distance apart on said positional element (14), each one for separate positional detection. 

54. The position detection system of claim 52, being usable to extract from a user of said positional element (14), a 
triplet of movement, pressure and attitude vectors. 

55. The position detection system of claim 1 , further comprising electronic signature functionality provided in said po- 
sitional element (14). 



23 



EP 1 504 330 B1 



56. The position detection system of claim 55, further comprising biometric signature functionality provided in said 
positional element (14), 

57. The position detection system of claim 1, wherein said positional element (14) further comprises a receiver for 
receiving control data. 

58. The position detection system of claim 1 , further being operable to relay data of said position to other elements. 

59. The position detection system of claim 1 , wherein said detector array is associated with a cellular telephony device, 
thereby to provide writing input capability for said telephony device. 

60. The position detection system of claim 59, further comprising an application for using said writing input as a dialing 
input for said telephony device. 

61. The position detection system of claim 1 , further comprising: 

a location calculation application, and 

a handwriting to text conversion application, 

to provide a handwriting to digital interface. 

62. The position detection system of claim 61 , further comprising at least one of a text to speech conversion application 
and a language translation application, thereby to provide reading or translation from said handwriting input 

63. The position detection system of claim 54, further comprising 

electronic signature functionality provided in said positional element (14), and 

verifying functionality for verifying extracted triplets of user signatures, the system being operable to enable said 
electronic signature functionality with verification by said verification functionality of a user signature. 

64. The position detection system of claim 1 , wherein said positional element (14) is a personal locator for attachment 
to a person. 

65. The position detection system of claim 1, wherein said positional element (14) is an item locator for indication of 
location of an item within a space. 

66. The position detection system of claim 64, wherein there is further provided an application for calculating said location 
and issuing control signals in response to said location. 

67. The position detection system of claim 65, wherein there is further provided an application for calculating said location 
and issuing control signals in response to said location. 

68. The position detection system of claim 66, wherein said control signals are at least one of signals to direct the focus 
of a stereo sound system, signals to direct a camera, signals to direct an incoming communication and signals to 
direct a robot. 

69. The position detection system of claim 67, wherein said control signals are signals to direct a camera, signals to 
direct a robot, signals to direct machinery, signals to direct a predetermined sequence, signals to direct an assembly 
sequence and signals to direct a repair sequence. 

70. The position detection system of claim 1 , comprising a plurality of units, each unit comprising one of said positional 
element (14)s and one of said detector arrays, wherein each unit is operable to locate all adjacent units, thereby to 
provide chaining of said units. 

71. The position detection system of claim 70, wherein each unit comprises a unique identifier. 

72. The position detection system of claim 64, wherein said positional element (14) is part of a virtual reality game 
accessory. 

73. A position detection method for use in association with a computing device having an analog input, the method 
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comprising: 

using a positional element (14) to attain a position, 

emitting a continuous ultrasonic waveform comprising a carrier wave and a modulation integrated on said carrier 
wave, said modulation being decodable to fix said position, and 

detecting said waveform in a manner permitting fixing of said position and outputting said waveform in a manner 
retentive of said position fixing ability, thereby to provide said computing device with an indication of said position. 

74. The position detection method of claim 73, wherein said outputting comprises outputting said waveform as an analog 
signal. 

75. The position detection method of claim 74, further comprising decoding of said waveform at said computing device 
to extract data of said position. 

76. The position detection system of claim 1 , further comprising a signal decoder (70) for receiving said waveform from 
said arrangement and decoding said attained position from said waveform. 

77. The position detection system of claim 76, wherein said detector arrangement (20) and said signal decoder (70) 
are connected via an analog link. 

78. The position detection system of claim 76, wherein said positional element (14) is operable to emit said waveform 
decodable to fix said position, such that said waveform is decodable at low sampling rate. 

79. The position detection system of claim 76, wherein said waveform is a substantially continuous waveform. 

80. The position detection system of claim 76, wherein said detection arrangement comprises a plurality of signal 
detectors arranged at different locations each separately to detect said waveform, thereby to provide said position 
fixing as differential information between said detected signals. 

81 . The position detection system of claim 80, wherein said signal decoder (70) comprises at least one reference signal 
constructed using a model of said system and a maximum likelihood detector for determining a most likely position 
based on said reference signal. 

82. The position detection system of claim 81, wherein said decoder further comprises a correlator (74) for using a 
correlation function to confirm said most likely position. 

83. The position detection system of claim 76, wherein said positional element (14) is operable to emit a combination 
of signals having different speeds to allow a receiver to calculate a distance thereto from a time delay therebetween. 

84. The position detection system of claim 83, wherein said combination comprises a light speed signal and a sound 
speed signal. 

85. The position detection system of claim 84, wherein the light speed signal is an infra-red signal. 

86. The position detection system of claim 84, wherein the sound speed signal is an ultrasonic signal. 

87. The position detection system of claim 76, wherein said manner retentive of said position fixing ability comprises 
retaining said ability over low frequency sampling. 

88. The position detection system of claim 87, wherein said low frequency sampling comprises a rate compatible with 
Nyquist rate sampling of sound signals. 

89. The position detection system of claim 88, wherein said rate is below 50KHz. 

90. The position detection system of claim 88, wherein said rate is substantially 44KHz. 

91. The position detection system of claim 88, wherein said rate is substantially 6KHz. 
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92. The position detection system of claim 76, wherein said positional element (14) further comprises a pressure sensor 
to provide data of pressure being exerted on said positional element (14). 

93. The position detection system of claim 76, wherein said positional element (1 4) further comprises attitude detection 
to provide data of an attitude at which said positional element (14) is being held. 

94. The position detection system of claim 76, wherein said positional element (14) further comprises: 

a pressure sensor to provide data of pressure being exerted on said positional element (14), and 
attitude detection to provide data of an attitude at which said positional element (14) is being held 

95. The position detection system of claim 94, being usable to extract from a user of said positional element (14), a 
triplet of movement, pressure and attitude vectors. 

96. The position detection system of claim 76, further comprising electronic signature functionality provided in said 
positional element (14). 

97. The position detection system of claim 95, further comprising 

electronic signature functionality provided in said positional element (14), and 

verifying functionality for verifying extracted triplets of user signatures, the system being operable to enable said 
electronic signature functionality with verification by said verification functionality of a user signature. 

98. The position detection system of claim 1 , wherein said positional element (14) further comprising a second emitter 
for emitting a further continuous waveform modulated to be decodable to fix said position, said second emitter is 
positioned in predetermined distance apart from said first emitter, and 

said detector arrangement (20) is used for permitting determination of an attitude of said positional element (14). 

99. The position detection system of claim 98, wherein said positional element (14) further comprises a pressure sensor 
to provide data of pressure being exerted on said positional element (14). 

100. The position detection system of claim 98, wherein said further continuous waveform is one of an IR waveform, an 
RF waveform, and an acoustic waveform. 

1 01 .The position detection system of claim 98, wherein said outputting is in a manner suitable for supplying to an analog 
input of a computing device. 

102.The position detection system of claim 98, wherein said detector arrangement (20) is an arrangement of orthogonal 
loops. 



Patentanspruche 

1. System zur Positionserfassung zum Verwenden in Verbindung mit Rechenanwendungen, wobei das System um- 
fasst: 

ein Positionselement (14) zum Erlangen einer Position und des Weiteren umfassend einen ersten Sender zum 
Senden einer kontinuierlichen Ultraschall-Wellenform, und 

eine Detektoranordnung (20) zum Erfassen der Wellenform auf eine Weise, die das Fixieren der Position und 
Ausgeben der Wellenform zur Berechnung in einer die Positionsfixierungs-Fahigkeit beibehaltenden Weise 
gestattet, 

dadurch qekennzeichnet, dass 

die Ultraschall-Wellenform umfasst: 

eine Tragerwelle und eine Modulation, die auf der Tragerwelle integriert ist, von der aus die Fixierung der 
Position abgeleitet wird. 

2. System zur Positionserfassung nach Anspruch 1, wobei die Detektoranordnung (20) betriebsfahig ist, die Wellen- 
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form, die zum Fixieren der Position decodierbar ist, so zu senden, dass die Wellenform mit einer niedrigen Abtastrate 
decodierbar ist. 

3. System zur Positionserfassung nach Anspruch 1 , wobei die Wellenform eine Periodizitat umfasst. 

4. Positionserfassungssystem nach Anspruch 2, wobei das Ausgeben das Bereitstellen der Wellenform, die mit nied- 
riger Abtastrate decodierbar ist, an wenigstens einem Analog-Eingang einer Rechenvorrichtung fur die Berechnung 
umfasst. 

5. Positionserfassungssystem nach Anspruch 4, wobei das Ausgeben das Bereitstellen der Wellenform fur wenigstens 
zwei Analog-Eingange der Rechenvorrichtung umfasst. 

6. System zur Positionserfassung nach Anspruch 1, umfassend eine Vielzahl von Positionierungselementen, und 
wobei die Detektoranordnung (20) so ausgelegt ist, dass sie jeweilige Wellenformen als separate Kanale fur das 
Ausgeben zufuhrt. 

7. System zur Positionserfassung nach Anspruch 6, des Weiteren umfassend eine Vielzahl von Detektoranordnungen 
(20), urn eine hohere Erfassungsprazision zu ermoglichen. 

8. System zur Positionserfassung nach Anspruch 6, wobei separate Kanale zeitmultiplexiert oder frequenzmultiplexiert 
werden. 

9. System zur Positionserfassung nach Anspruch 6, wobei jedes Positionierungselementdes Weiteren einen Modulator 
zum Modulieren der kontinuierlichen Welle umfasst. 

10. System zur Positionserfassung nach Anspruch 9, wobei der Modulator ein Frequenzmodulator ist. 

1 1 . System zur Positionserfassung nach Anspruch 1 0, wobei jedes Positionierungselement mit einer Frequenzsprung- 
Sequenz versehen ist, urn die gleichzeitige Verwendung der Vielzahl von Positionierungselementen zu erlauben. 

12. System zur Positionserfassung nach Anspruch 11, wobei jede Frequenzsprung-Sequenz eine andere pseudo- 
zufallige Sequenz ist. 

13. System zur Positionserfassung nach Anspruch 9, wobei der Modulator ein Amplitudenmodulator ist. 

14. System zur Positionserfassung nach Anspruch 9, wobei der Modulator betriebsfahig ist, urn Daten zusatzlich zu 
Positionsdaten zu der Wellenform zu modulieren. 

15. System zur Positionserfassung nach Anspruch 6, wobei jedes Positionierungselement eine eindeutige Kennung 
umfasst. 

16. System zur Positionserfassung nach Anspruch 1, wobei die kontinuierliche Welle moduliert wird. 

17. System zur Positionserfassung nach Anspruch 16, wobei die kontinuierliche Welle unter Verwendung eines Streu- 
spektrums moduliert wird. 

18. System zur Positionserfassung nach Anspruch 16, wobei die kontinuierliche Welle unter Verwendung von Zeittei- 
lungs-Modulation moduliert wird. 

19. System zur Positionserfassung nach Anspruch 1, wobei das Positionselement (14) einen biometrischen Sensor 
umfasst. 

20. System zur Positionserfassung nach Anspruch 1, wobei die Erfassungsanordnung eine Vielzahl von Empfangern 
umfasst, urn eine mehrdimensionale Erfassung der Position bereitzustellen. 

21. System zur Positionserfassung nach Anspruch 20, wobei das Ausgeben das Bereitstellen der Wellenform, die mit 
niedriger Abtastrate decodierbar ist, an einem Analog-Eingang einer Rechenvorrichtung fur die Berechnung umfasst 
und des Weiteren betriebsfahig ist, Signale der Wellenform von jedem der Vielzahl von Empfangern fur die Eingabe 
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in den Analog-Eingang zu multiplexieren. 

22. System zur Positionserfassung nach Anspruch 21 , das betriebsfahig ist, eine Demultiplexier-Fahigkeit der Rechen- 
vorrichtung einzusetzen, urn die an dem Analog-Eingang empfangenen Signale zu demultiplexieren. 

23. System zur Positionserfassung nach Anspruch 1, wobei das Positionselement (14) des Weiteren einen zweiten 
Sender zum Senden eines Signals zusatzlich zu der kontinuierlichen Wellenform und mit einerdavon verschiedenen 
Geschwindigkeit umfasst, urn damit Daten, die fur eine Entfernung zwischen dem Positionselement (14) und De- 
tektoren der Detektoranordnung (20) indikativ sind, aus einer Zeitverzogerung zwischen der kontinuierlichen Wel- 
lenform und dem zusatzlichen Signal zu erhalten. 

24. System zur Positionserfassung nach Anspruch 23, wobei das zusatzliche Signal ein Signal mit Lichtgeschwindigkeit 
ist. 

25. System zur Positionserfassung nach Anspruch 24, wobei das Signal mit Lichtgeschwindigkeit ein Infrarotsignal ist. 

26. System zur Positionserfassung nach Anspruch 1 , wobei das Ausgeben das Bereitstellen der Wellenform an einem 
Analog-Eingang einer Rechenvorrichtung umfasst. 

27. System zur Positionserfassung nach Anspruch 26, wobei der Analog-Eingang ein Eingang zu einem Analog-Digital- 
Wandler ist. 

28. System zur Positionserfassung nach Anspruch 27, wobei der Analog-Digital-Wandler Teil einer Sound-Karte ist. 

29. System zur positionserfassung nach Anspruch 27, wobei der Analog-Eingang wenigstens einer von einem Mikrofon- 
Eingang, einem Leitungseingang und einem Modem- Eingang ist. 

30. System zur Positionserfassung nach Anspruch 29, wobei die Detektoranordnung (20) so ausgelegt ist, dass sie von 
der Rechenvorrichtung uber den Analog-Eingang betrieben wird. 

31. System zur Positionserfassung nach Anspruch 1 , wobei die beibehaltende Weise fur die Positionsfixierungs-Fahig- 
keit das Beibehalten uber Niederfrequenz-Abtastung beibehalt. 

32. System zur Positionserfassung nach Anspruch 31 , wobei die Niederfrequenz-Abtastung eine Rate umfasst, die mit 
Nyquist-Raten-Abtastung von Tonsignalen kompatibel ist. 

33. System zur Positionserfassung nach Anspruch 32, wobei die Rate unter 50 KHz liegt. 

34. System zur Positionserfassung nach Anspruch 32, wobei die Rate im Wesentlichen 44 KHz betragt. 

35. System zur Positionserfassung nach Anspruch 32, wobei die Rate im Wesentlichen 6 KHz betragt. 

36. System zur Positionserfassung nach Anspruch 1 , wobei das System des Weiteren eine Decodiereinheit zum Aus- 
fuhren der Berechnung umfasst, urn die Wellenform zu decodieren und die Position anzugeben. 

37. System zur Positionserfassung nach Anspruch 36, wobei die Decodiereinheit einen Maximum-Likelihood-Detektor 
zum Ausfuhren der Decodierung durch Suchen der wahrscheinlichsten Entfernung umfasst. 

38. System zur Positionserfassung nach Anspruch 37, wobei der Maximum-Likelihood-Detektor ein Kanalmodell zur 
Modellierung des Durchlaufs der Wellenform von dem Positionselement (14) zu der Wellenform-Decodiereinheit 
umfasst, urn damit ein Referenzsignal bereitzustellen, urn im Vergleich mit diesem die wahrscheinlichste Entfernung 
zu identifizieren. 

39. System zur Positionserfassung nach Anspruch 37, wobei der Maximum-Likelihood-Detektor von einem Korrelator 
zum Bestatigen der wahrscheinlichsten Entfernung gefolgt wird. 

40. System zur Positionserfassung nach Anspruch 1 , umfassend einen Synchronisator zum Synchronisieren zwischen 
der Detektoranordnung (20) und dem Positionselement (14) . 
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41. System zur Positionserfassung nach Anspruch 41, wobei der Synchronisator betriebsfahig ist, wenigstens eines 
von IR- und HF-Signalisierung zu verwenden, um die Synchronisation auszufuhren. 

42. System zur Positionserfassung nach Anspruch 40, wobei der Synchronisator betriebsfahig ist, Synchronisations- 
abweichungen zu uberwachen, um damit eine Frequenz zu reduzieren, mit der Wiederholungs-Synchronisationen 
ausgefuhrt werden. 

43. System zur Positionserfassung nach Anspruch 40, wobei das Synchronisieren mit einem Mischoszillator an dem 
Positionselement (14) erfolgt. 

44. System zur Positionserfassung nach Anspruch 40, wobei der Synchronisator des Weiteren betriebsfahig ist, ein 
Synchronisationssignal zu der Wellenform hinzuzufugen, um damit eine Synchronisation mit einer Host-Vorrichtung 
zu erzeugen. 

45. System zur Positionserfassung nach Anspruch 1, wobei das Positionselement (14) mit der Detektoranordnung 
verkabelt ist. 

46. System zur Positionserfassung nach Anspruch 1, wobei das Positionselement (14) einen digitalen Codierer zum 
Verschlusseln von digitalen Daten in die kontinuierliche Wellenform umfasst. 

47. System zur Positionserfassung nach Anspruch 36, wobei die Wellenform-Decodiereinheit als ein Client-Programm 
zum Installieren in einer Rechenvorrichtung bereitgestellt wird. 

48. System zur Positionserfassung nach Anspruch 36, wobei die Wellenform-Decodiereinheit als ein Client-Programm 
zum Installieren in einem Betriebssystem einer Rechenvorrichtung bereitgestellt wird. 

49. System zur Positionserfassung nach Anspruch 1 , wobei die Wellenform-Decodiereinheit in die Detektoranordnung 
(20) integriert ist. 

50. System zur Positionserfassung nach Anspruch 1 , wobei das Positionselement (1 4) des Weiteren einen Drucksensor 
umfasst, um Daten von Druck bereitzustellen, der auf das Positionselement (14) ausgeubt wird. 

51. System zur Positionserfassung nach Anspruch 1, wobei das Positionselement (14) des Weiteren eine Lagenerfas- 
sung umfasst, um Daten uber eine Lage bereitzustellen, in der das Positionselement (14) gehalten wird. 

52. System zur Positionserfassung nach Anspruch 1, wobei das Positionselement (14) des weiteren umfasst: 

einen Drucksensor zum Bereitstellen von Daten von Druck, der auf das Positionselement (1 4) ausgeubt wird, und 
Lagenerfassung zum Bereitstellen von Daten einer Lage, in der das Positionselement (14) gehalten wird. 

53. System zur Positionserfassung nach Anspruch 53, wobei die Lagenerfassung zwei Wellenform-Sender umfasst, 
die in einem bestimmten Abstand voneinander auf dem Positionselement ()14), jeder fur eine separate Positions- 
erfassung, platziert sind. 

54. System zur Positionserfassung nach Anspruch 52, das einsetzbar ist, um von einem Benutzer des Positionselements 
(14) aus eine Dreiergruppe von Bewegungs-, Druck- und Lagevektoren zu extrahieren. 

55. System zur Positionserfassung nach Anspruch 1 , des Weiteren umfassend eine Funktionalitat einer elektronischen 
Signatur, die in dem Positionselement (14) bereitgestellt wird. 

56. System zur Positionserfassung nach Anspruch 55, des Weiteren umfassend eine Funktionalitat einer biometrischen 
Signatur, die in dem Positionselement (14) bereitgestellt wird. 

57. System zur Positionserfassung nach Anspruch 1 , wobei das Positionselement (14) des Weiteren einen Empfanger 
zum Empfangen von Steuerdaten umfasst. 

58. System zur Positionserfassung nach Anspruch 1 , das des Weiteren betriebsfahig ist, Daten der Position zu anderen 
Elementen zu weiterzuleiten. 
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59. System zur Positionserfassung nach Anspruch 1 , wobei die Detektoranordnung mit einer Zellulartelefon-Vorrichtung 
verbunden ist, wodurch fur die Telefonvorrichtung eine Eingabefahigkeit bereitgestellt wird. 

60. System zur Positionserfassung nach Anspruch 59, des Weiteren umfassend eine Anwendung zum Verwenden des 
Schreibeingangs als einen Wahleingang fur die Telefonvorrichtung. 

61. System zur Positionserfassung nach Anspruch 1, des Weiteren umfassend: 

eine Anwendung zur Standortberechnung, und 

eine Anwendung zum Umwandeln von Handschrift in Text, urn eine Handschrift-Digital-Schnittstelle bereitzu- 
stellen. 

62. System zur Positionserfassung nach Anspruch 61 , des Weiteren umfassend wenigstens eine von einer Text-Spra- 
che-Umwandlungsanwendung und einer Sprachen-Ubersetzungsanwendung, um damit Lesen oder Ubersetzen 
von dem Handschrift-Eingang bereitzustellen. 

63. System zur Positionserfassung nach Anspruch 54, des Weiteren umfassend 

eine Funktionalitat einer elektronischen Signatur, die in dem Positionselement (14) bereitgestellt wird, und eine 
Uberprufungsfunktionalitat zum Uberprufen von extrahierten Dreiergruppen von Benutzersignaturen, wobei das 
System betriebsfahig ist, die Funktionalitat der elektronischen Signatur mit Uberprufung durch die Uberprufungs- 
funktionalitat einer Benutzersignatur zu aktivieren. 

64. System zur Positionserfassung nach Anspruch 1 , wobei das Positionselement (14) ein personlicher Lokalisierer zur 
Verbindung mit einer Person ist. 

65. System zur Positionserfassung nach Anspruch 1, wobei das Positionselement (14) ein Objekt- Lokalisierer zum 
Angeben eines Standorts eines Objekts in einem Raum ist. 

66. System zur Positionserfassung nach Anspruch 64, wobei des Weiteren eine Anwendung zum Berechnen des Stand- 
orts und Ausgeben von Steuersignalen in Reaktion auf den Standort bereitgestellt wird. 

67. System zur Positionserfassung nach Anspruch 65, wobei des Weiteren eine Anwendung zum Berechnen des Stand- 
orts und Ausgeben von Steuersignalen in Reaktion auf den Standort bereitgestellt wird. 

68. System zur Positionserfassung nach Anspruch 66, wobei die Steuersignale wenigstens eines von Signalen zum 
Fuhren des Fokus eines Stereoklangsystems, Signalen zum Fuhren einer Kamera, Signalen zum Fuhren einer 
eingehenden Kommunikation und Signalen zum Fuhren eines Roboters sind. 

69. System zur Positionserfassung nach Anspruch 67, wobei die Steuersignale Signale zum Fuhren einer Kamera, 
Signale zum Fuhren eines Roboters, Signale zum Fuhren von Maschinen, Signale zum Fuhren einer vorbestimmten 
Sequenz, Signale zum Fuhren einer Montage-Sequenz und Signale zum Fuhren einer Reparatur-Sequenz sind. 

70. System zur Positionserfassung nach Anspruch 1 , umfassend eine Vielzahl von Einheiten, wobei jede Einheit eines 
von den Positionselementen (1 4) und eine von den Detektoranordnungen umfasst, wobei jede Einheit betriebsfahig 
ist, alle benachbarten Einheiten zu lokalisieren, wodurch eine Verkettung der Einheiten bereitgestellt wird. 

71. System zur Positionserfassung nach Anspruch 70, wobei jede Einheit eine eindeutige Kennung umfasst. 

72. System zur Positionserfassung nach Anspruch 64, wobei das Positionselement (14) Teil eines Virtual-Reality-Spiel- 
zubehors ist. 

73. Verfahren zur Positionserfassung zum Verwenden in Verbindung mit einer Rechenvorrichtung mit einem Analog- 
Eingang, wobei das Verfahren umfasst: 

Verwenden eines Positionselements (14) zum Erlangen einer Position, 

Senden einer kontinuierlichen Ultraschall-Wellenform, die eine Tragerwelle und eine Modulation umfasst, die 
auf der Tragerwelle integriert ist, wobei die Modulation zum Fixieren der Position decodierbar ist, und 
Erfassen der Wellenform auf eine Weise, die das Fixieren der Position und Ausgeben der Wellenform in einer 
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die Positionsfixierungs-Fahigkeit beibehaltenden Weise gestattet, wodurch fur die Rechenvorrichtung eine An- 
gabe der Position bereitgestellt wird. 

74. Verfahren zur Positionserfassung nach Anspruch 73, wobei das Ausgeben das Ausgeben der Wellenform als ein 
analoges Signal umfasst. 

75. Verfahren zur Positionserfassung nach Anspruch 74, des Weiteren umfassend das Decodieren der Wellenform an 
der Rechenvorrichtung zum Extrahieren von Daten der Position. 

76. System zur Positionserfassung nach Anspruch 1 , des Weiteren umfassend einen Signal-Decodierer (70) zum Emp- 
fangen der Wellenform von der Anordnung und Decodieren der erhaltenen Position aus der Wellenform. 

77. System zur Positionserfassung nach Anspruch 76, wobei die Detektoranordnung (20) und der Signal-Decodierer 
(70) uber eine analoge Verbindung miteinander verbunden sind. 

78. System zur Positionserfassung nach Anspruch 76, wobei das Positionselement (1 4) betriebsfahig ist, die Wellenform, 
die decodierbar ist, urn die Position zu fixieren, so zu senden, dass die Wellenform mit einer niedrigen Abtastrate 
decodierbar ist. 

79. System zur Positionserfassung nach Anspruch 76, wobei die Wellenform eine im Wesentlichen kontinuierliche 
Wellenform ist. 

80. System zur Positionserfassung nach Anspruch 76, wobei die Erfassungsanordnung eine Vielzahl von Signaldetek- 
toren umfasst, die an verschiedenen Standorten jeweils separat angeordnet sind, um die Wellenform zu erfassen, 
wodurch die Positions-Fixierung als unterschiedliche Informationen zwischen erfassten Signalen bereitgestellt wer- 
den. 

81 . System zur Positionserfassung nach Anspruch 80, wobei der Signal-Decodierer (70) wenigstens ein Referenzsignal 
umfasst, das unter Verwendung eines Modells des Systems und eines Maximum-Likelihood-Detektors aufgebaut 
wird, um die wahrscheinlichste Position auf der Basis des Referenzsignals zu bestimmen. 

82. System zur Positionserfassung nach Anspruch 81, wobei der Decodierer des Weiteren einen Korrelator (74) zum 
Verwenden einer Korrelationsfunktion umfasst, um die wahrscheinlichste Position zu bestatigen. 

83. System zur Positionserfassung nach Anspruch 76, wobei das Positionselement (14) betriebsfahig ist, um eine 
Kombination von Signalen zu senden, die verschiedene Geschwindigkeiten aufweisen, um es einem Empfanger 
zu erlauben, eine Entfernung zu diesem aus einer dazwischen liegenden Zeitverzogerung zu berechnen. 

84. System zur Positionserfassung nach Anspruch 83, wobei die Kombination ein Signal mit Lichtgeschwindigkeit und 
ein Signal mit Schallgeschwindigkeit umfasst. 

85. System zur Positionserfassung nach Anspruch 84, wobei das Signal mit Lichtgeschwindigkeit ein Infrarotsignal ist. 

86. System zur Positionserfassung nach Anspruch 84, wobei das Signal mit Schallgeschwindigkeit ein Ultraschallsignal 
ist. 

87. System zur Positionserfassung nach Anspruch 76, wobei die beibehaltende Weise fur die Positionsfixierungs-Fa- 
higkeit das Beibehalten der Fahigkeit uber Niederfrequenz-Abtastung umfasst. 

88. System zur Positionserfassung nach Anspruch 87, wobei die Niederfrequenz-Abtastung eine Rate umfasst, die mit 
Nyquist-Raten-Abtastung von Tonsignalen kompatibel ist. 

89. System zur Positionserfassung nach Anspruch 88, wobei die Rate unter 50 KHz liegt. 

90. System zur Positionserfassung nach Anspruch 88, wobei die Rate im Wesentlichen 44 KHz betragt. 

91. System zur Positionserfassung nach Anspruch 88, wobei die Rate im Wesentlichen 6 KHz betragt. 
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92. System zur Positionserfassung nach Anspruch 76,wobeidas Positionselement(14)des Weiteren einen Drucksensor 
umfasst, um Daten von Druck bereitzustellen, der auf das Positionselement (14) ausgeubt wird. 

93. System zur Positionserfassung nach Anspruch 76, wobei das Positionselement (14) des Weiteren eine Lagener- 
fassung umfasst, um Daten uber eine Lage bereitzustellen, in der das Positionselement (14) gehalten wird. 

94. System zur Positionserfassung nach Anspruch 76, wobei das Positionselement (14) des Weiteren umfasst: 

einen Drucksensor zum Bereitstellen von Daten von Druck, der auf das Positionselement (1 4) ausgeubt wird, und 
Lagenerfassung zum Bereitstellen von Daten einer Lage, in der das Positionselement (14) gehalten wird. 

95. System zur Positionserfassung nach Anspruch 94, das einsetzbar ist, um von einem Benutzer des Positionselements 
(14) aus eine Dreiergruppe von Bewegungs-, Druck- und Lagevektoren zu extrahieren. 

96. System zur Positionserfassung nach Anspruch 76, des Weiteren umfassend eine Funktionalitat einer elektronischen 
Signatur, die in dem Positionselement (14) bereitgestellt wird. 

97. System zur Positionserfassung nach Anspruch 94, des Weiteren umfassend 

eine Funktionalitat einer elektronischen Signatur, die in dem Positionselement (14) bereitgestellt wird, und 
eine Uberprufungsfunktionalitat zum Uberprufen von extrahierten Dreiergruppen von Benutzersignaturen, wobei 
das System betriebsfahig ist, die Funktionalitat der elektronischen Signatur mit Uberprufung durch die Uberpru- 
fungsfunktionalitat einer Benutzersignatur zu aktivieren. 

98. System zur Positionserfassung nach Anspruch 1, wobei das Positionselement (14) des Weiteren einen zweiten 
Sender zum Senden einer weiteren kontinuierlichen Wellenform umfasst, die so moduliert wird, dass sie zum Fixieren 
der Position decodierbar ist, wobei der zweite Sender in vorgegebener Entfernung von dem ersten Sender positioniert 
ist, und 

die Detektoranordnung (1 0) verwendet wird, um die Bestimmung einer Lage des Positionselements (14) zu gestatten. 

99. System zur Positionserfassung nach Anspruch 98, wobei das Positionselement (14) des Weiteren einen Drucksensor 
umfasst, um Daten von Druck bereitzustellen, der auf das Positionselement (14) ausgeubt wird. 

100. System zur Positionserfassung nach Anspruch 98, wobei die weitere kontinuierliche Wellenform eine von einer IR- 
Wellenform, einer HF-Wellenform und einer Schallwellenform ist. 

1 01 .System zur Positionserfassung nach Anspruch 98, wobei der Ausgang in einer weise geeignet ist, um einem Analog- 
Eingang einer Rechenvorrichtung zugefuhrt zu werden. 

102. System zur Positionserfassung nach Anspruch 98, wobei die Detektoranordnung (20) eine Anordnung von ortho- 
gonalen Schleifen ist. 



Revendications 

1 . Systeme de detection de position pour une utilisation en association avec des applications informatiques, le systeme 
comprenant : 

un element positionnel (14) pour atteindre une position et comprenant un premier emetteur pour emettre une 
forme d'onde ultrasonique continue, et 

un agencement de detecteurs (20) pour detecter ladite forme d'onde de facon a permettre de fixer ladite position 
et de delivrer ladite forme d'onde pour le calcul, d'une maniere a conserver ladite capacite de fixation de position, 

caracterise en ce que : 

ladite forme d'onde ultrasonique comprend : 

une onde porteuse, et une modulation integree sur ladite onde porteuse de laquelle deriver ladite fixation 
de ladite position. 
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2. Systeme de detection de position selon la revendication 1, dans lequel ledit agencement de detecteurs (20) est 
utilisable pour emettre ladite forme d'onde decodable pour fixer ladite position, de sorte que ladite forme d'onde 
soit decodable a une basse frequence d'echantillonnage. 

3. Systeme de detection de position selon la revendication 1 , dans lequel ladite forme d'onde comprend une periodicite. 

4. Systeme de detection de position selon la revendication 2, dans lequel ladite sortie comprend la fourniture de ladite 
forme d'onde decodable a une basse frequence d'echantillonnage a au moins une entree analog ique d'un dispositif 
informatique pour ledit calcul. 

5. Systeme de detection de position selon la revendication 4, dans lequel ladite sortie comprend la fourniture de ladite 
forme d'onde a au moins deux entrees analogiques dudit dispositif informatique. 

6. Systeme de detection de position selon la revendication 1 , comprenant une pluralite d'elements de positionnement, 
et dans lequel ledit agencement de detecteurs (20) est configure pour fournir des formes d'onde respectives en tant 
que canaux distincts pour ladite sortie. 

7. Systeme de detection de position selon la revendication 6, comprenant en outre une pluralite d'agencements de 
detecteurs (20) pour apporter une plus grande precision de detection. 

8. Systeme de detection de position selon la revendication 6, dans lequel lesdits canaux distincts sont multiplexes 
dans le temps ou sont multiplexes en frequence. 

9. Systeme de detection de position selon la revendication 6, dans lequel chaque element de positionnement comprend 
en outre un modulateur pour moduler ladite forme continue. 

10. Systeme de detection de position selon la revendication 9, dans lequel ledit modulateur est un modulateur de 
frequence. 

11. Systeme de detection de position selon la revendication 10, dans lequel chaque element de positionnement est 
fourni avec une sequence de saut de frequence pour permettre I'utilisation simultanee de ladite pluralite d'elements 
de positionnement. 

12. Systeme de detection de position selon la revendication 1 1 , dans lequel chaque dite sequence de saut de frequence 
est une sequence pseudo aleatoire differente. 

13. Systeme de detection de position selon la revendication 9, dans lequel ledit modulateur est un modulateur d'ampli- 
tude. 

14. Systeme de detection de position selon la revendication 9, dans lequel ledit modulateur est utilisable pour moduler 
des donnees supplementaires aux donnees positionnelles sur ladite forme d'onde. 

1 5. Systeme de detection de position selon la revendication 6, dans lequel chaque element de positionnement comprend 
un identifiant unique. 

16. Systeme de detection de position selon la revendication 1 , dans lequel ladite onde continue est modulee. 

1 7. Systeme de detection de position selon la revendication 1 6, dans lequel ladite onde continue est modulee en utilisant 
un spectre etale. 

1 8. Systeme de detection de position selon la revendication 1 6, dans lequel ladite onde continue est modulee en utilisant 
la modulation a division de temps. 

19. Systeme de detection de position selon la revendication 1 , dans lequel ledit element positionnel (14) comprend un 
capteur biometrique. 

20. Systeme de detection de position selon la revendication 1, dans lequel I'agencement de detection comprend une 
pluralite de recepteurs pour assurer la detection multidimensionnelle de ladite position. 
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21 . Systeme de detection de position selon la revendication 20, dans lequel ladite sortie comprend la fourniture de ladite 
forme d'onde decodable a une basse frequence d'echantillonnage a une entree analogique d'un dispositif informa- 
tique pour ledit calcul et est en outre utilisable pour multiplexer des signaux de ladite forme d'onde a partir de chacun 
de ladite pluralite de recepteurs pour ladite entree sur ladite entree analogique. 

22. Systeme de detection de position selon la revendication 21 , utilisable pour employer une capacite de demultiplexage 
dudit dispositif informatique pour demultiplexer lesdits signaux recus a ladite entree analogique. 

23. Systeme de detection de position selon la revendication 1 , dans lequel ledit element positionnel (14) comprend en 
outre un deuxieme emetteur pour emettre un signal supplementaire a ladite forme d'onde continue et ayant une 
Vitesse differente de celle-ci, pour ainsi obtenir des donnees indicatives d'une distance entre ledit element positionnel 
(14) et les detecteurs dudit agencement de detecteurs (20) a partir d'un delai entre ladite forme d'onde continue et 
ledit signal supplementaire. 

24. Systeme de detection de position selon la revendication 23, dans lequel ledit signal supplementaire est un signal 
de Vitesse de lumiere. 

25. Systeme de detection de position selon la revendication 24, dans lequel le signal de Vitesse de lumiere est un signal 
infrarouge. 

26. Systeme de detection de position selon la revendication 1 , dans lequel ladite sortie comprend la fourniture de ladite 
forme d'onde a une entree analogique d'un dispositif informatique. 

27. Systeme de detection de position selon la revendication 26, dans lequel ladite entree analogique est une entree 
sur un convertisseur d'analogique en numerique. 

28. Systeme de detection de position selon la revendication 27, dans lequel ledit convertisseur d'analogique en nume- 
rique fait partie d'une carte son. 

29. Systeme de detection de position selon la revendication 27, dans lequel ladite entree analogique est au moins I'une 
d'une entree de microphone, d'une entree de ligne et d'une entree de modem. 

30. Systeme de detection de position selon la revendication 29, dans lequel ledit agencement de detecteurs (20) est 
configure pour etre alimente electriquement par ledit dispositif informatique par I'intermediaire de ladite entree 
analogique. 

31. Systeme de detection de position selon la revendication 1, dans lequel ladite maniere de conservation de ladite 
capacite de fixation de position comprend la conservation de ladite capacite sur un echantillonnage de basse 
frequence. 

32. Systeme de detection de position selon la revendication 31 , dans lequel ledit echantillonnage de basse frequence 
comprend un taux compatible avec I'echantillonnage a taux de Nyquist de signaux sonores. 

33. Systeme de detection de position selon la revendication 32, dans lequel ledit taux est inferieur a 50 kHz. 

34. Systeme de detection de position selon la revendication 32, dans lequel ledit taux est sensiblement egal a 44 kHz. 

35. Systeme de detection de position selon la revendication 32, dans lequel ledit taux est sensiblement egal a 6 kHz. 

36. Systeme de detection de position selon la revendication 1 , dans lequel le systeme comprend en outre une unite de 
decodage pour effectuer ledit calcul pour decoder ladite forme d'onde et indiquer ladite position. 

37. Systeme de detection de position selon la revendication 36, dans lequel ladite unite de decodage comprend un 
detecteur de probability maximum pour effectuer ledit decodage en trouvant la distance la plus probable. 

38. Systeme de detection de position selon la revendication 37, dans lequel ledit detecteur de probability maximum 
comprend un modele de canal pour modeliser le passage de ladite forme d'onde dudit element positionnel (14) a 
ladite unite de decodage de forme d'onde, pour ainsi fournir un signal de reference par rapport auquel identifier 



34 



EP 1 504 330 B1 



ladite distance la plus probable. 

39. Systeme de detection de position selon la revendication 37, dans lequel ledit detecteur de probability maximum est 
suivi d'un correlateur pour confirmer ladite distance la plus probable. 

40. Systeme de detection de position selon la revendication 1 , comprend en outre un synchroniseur pour la synchro- 
nisation entre ledit agencement de detecteurs (20) et ledit element positionnel (14). 

41. Systeme de detection de position selon la revendication 40, dans lequel ledit synchroniseur est utilisable pour 
employerau moins I'unede lasignalisation infrarouge (IR)etde lasignalisation de radiofrequence (RF) poureffectuer 
ladite synchronisation. 

42. Systeme de detection de position selon la revendication 40, dans lequel ledit synchroniseur est utilisable pour 
surveiller les ecarts de synchronisation pour ainsi reduire la frequence a laquelle les synchronisations repetitives 
sont effectuees. 

43. Systeme de detection de position selon la revendication 40, dans lequel ladite synchronisation s'effectue avec un 
oscillateur local au dit element positionnel (14). 

44. Systeme de detection de position selon la revendication 40, dans lequel ledit synchroniseur est en outre utilisable 
pour ajouter un signal de synchronisation ladite forme d'onde, pour ainsi la synchroniser avec un dispositif note. 

45. Systeme de detection de position selon la revendication 1, dans lequel ledit element positionnel (14) est cable a 
ladite matrice de detecteurs. 

46. Systeme de detection de position selon la revendication 1 , dans lequel ledit element positionnel (14) comprend un 
codeur numerique pour coder les donnees numeriques dans ladite forme d'onde continue. 

47. Systeme de detection de position selon la revendication 36, dans lequel ladite unite de decodage de forme d'onde 
est fournie en tant que programme client pour ('installation dans un dispositif informatique. 

48. Systeme de detection de position selon la revendication 36, dans lequel ladite unite de decodage de forme d'onde 
est fournie en tant que programme client pour Installation dans un systeme d'exploitation d'un dispositif informatique. 

49. Systeme de detection de position selon la revendication 36, dans lequel ladite unite de decodage de forme d'onde 
est integree au dit agencement de detecteurs (20). 

50. Systeme de detection de position selon la revendication 1 , dans lequel ledit element positionnel (14) comprend en 
outre un capteur de pression pour fournir des donnees de pression exercee sur ledit element positionnel (14). 

51. Systeme de detection de position selon la revendication 1 , dans lequel ledit element positionnel (14) comprend en 
outre une detection d'altitude pour fournir des donnees sur I'altitude a laquelle ledit element positionnel (14) est 
maintenu. 

52. Systeme de detection de position selon la revendication 1 , dans lequel ledit element positionnel (14) comprend en 
outre : 

un capteur de pression pour fournir des donnees de pression exercee sur ledit element positionnel (14), et 
une detection d'altitude pour fournir des donnees sur I'altitude laquelle ledit element positionnel (1 4) est main- 
tenu. 

53. Systeme de detection de position selon la revendication 52, dans lequel ladite detection d'altitude comprend deux 
transmetteurs de forme d'onde places a une distance predeterminee Tun de I'autre sur ledit element positionnel 
(14), chacun d'eux pour une detection positionnelle distincte. 

54. Systeme de detection de position selon la revendication 52, etant utilisable pour extraire d'un utilisateur dudit element 
positionnel (14), une triplette de vecteurs de mouvement, de pression et d'altitude. 



35 



EP 1 504 330 B1 



55. Systeme de detection de position selon la revendication 1 , comprenant outre une fonctionnalite de signature elec- 
tronique fournie dans ledit element positionnel (14). 

56. Systeme de detection de position selon la revendication 55, comprenant en outre une fonctionnalite de signature 
biometrique fournie dans ledit element positionnel (14). 

57. Systeme de detection de position selon la revendication 1 , dans lequel ledit element positionnel (14) comprend en 
outre un recepteur pour recevoir des donnees de controle. 

58. Systeme de detection de position selon la revendication 1, etant en outre utilisable pour relayer des donnees de 
ladite position a d'autres elements. 

59. Systeme de detection de position selon la revendication 1 , dans lequel ladite matrice de detecteurs est associee a 
un dispositif de telephonie cellulaire, pour ainsi fournir une capacite d'entree d'ecriture pour ledit dispositif de tele- 
phone. 

60. Systeme de detection de position selon la revendication 59, comprenant en outre une application pour utiliser ladite 
entree d'ecriture en tant qu'entree de numerotation pour ledit dispositif de telephonie. 

61. Systeme de detection de position selon la revendication 1 , comprenant en outre : 

une application de calcul d'emplacement, et 

une application de conversion d'ecriture manuscrite en texte, 

pour fournir une interface d'ecriture manuscrite en numerique. 

62. Systeme de detection de position selon la revendication 61 , comprenant en outre au moins I'une d'une application 
de conversion de texte en discours et d'une application de traduction de langue, pour ainsi fournir la lecture ou la 
traduction a partir de ladite entree d'ecriture manuscrite. 

63. Systeme de detection de position selon la revendication 54, comprenant en outre : 

une fonctionnalite de signature electronique fournie dans ledit element positionnel (14), et 
une fonctionnalite de verification pour verifier les triplettes extraites de signatures d'utilisateurs, le systeme etant 
utilisable pour permettre ladite fonctionnalite de signature electronique avec la verification par ladite fonction- 
nalite de verification d'une signature d'utilisateur. 

64. Systeme de detection de position selon la revendication 1, dans lequel ledit element positionnel (14) est un locali- 
sateur personnel pour rattachement a une personne. 

65. Systeme de detection de position selon la revendication 1, dans lequel ledit element positionnel (14) est un locali- 
sateur d'article pour I'indication de Templacement d'un article dans un espace. 

66. Systeme de detection de position selon la revendication 64, dans lequel il est en outre fourni une application pour 
calculer ledit emplacement et emettre des signaux de controle en reponse au dit emplacement. 

67. Systeme de detection de position selon la revendication 65, dans lequel il est en outre fourni une application pour 
calculer ledit emplacement et emettre des signaux de controle en reponse au dit emplacement. 

68. Systeme de detection de position selon la revendication 66, dans lequel lesdits signaux de controle sont au moins 
I'un des signaux pour diriger le foyer d'un systeme de son stereo, des signaux pour diriger une camera, des signaux 
pour diriger une communication entrante et des signaux pour diriger un robot. 

69. Systeme de detection de position selon la revendication 65, dans lequel lesdits signaux de controle sont des signaux 
pour diriger une camera, des signaux pour diriger un robot, des signaux pour diriger une machine, des signaux pour 
diriger une sequence predetermined, des signaux pour diriger une sequence d'assemblage et des signaux pour 
diriger une sequence de reparation 

70. Systeme de detection de position selon la revendication 1, comprenant une pluralite d'unites, chaque unite com- 
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prenant Tun desdits elements positionnels (14) et Tune desdites matrices de detecteurs, dans lequel chaque unite 
est utilisable pour localiser toutes les unites adjacentes, pour ainsi fournir un enchamement desdites unites. 

71 . Systeme de detection de position selon la revendication 70, dans lequel chaque unite comprend un identifiant unique. 

72. Systeme de detection de position selon la revendication 64, dans lequel ledit element positionnel (14) fait partie 
d'un accessoire de jeu de realite virtuelle. 

73. Procede de detection de position a utiliser en association avec un dispositif informatique ayant une entree analog ique, 
le procede comprenant les etapes consistant a : 

utiliser un element positionnel (14) pour atteindre une position, 

emettre une forme d'onde ultrasonique continue comprenant une onde porteuse et une modulation integree 
sur ladite onde porteuse, ladite modulation etant decodable pour fixer ladite position, et 
detecter ladite forme d'onde de facon a permettre la fixation de ladite position et la sortie de ladite forme d'onde 
de maniere a conserver ladite capacite de fixation de position, pour ainsi fournir au dit dispositif informatique 
une indication de ladite position. 

74. Procede de detection de position selon la revendication 73, dans lequel ladite sortie comprend la sortie de ladite 
forme d'onde en tant que signal analogique. 

75. Procede de detection de position selon la revendication 74, comprenant en outre le decodage de ladite forme d'onde 
au niveau dudit dispositif informatique pour extraire des donnees de ladite position. 

76. Systeme de detection de position selon la revendication 1 , comprenant en outre un decodeur de signal (70) pour 
recevoir ladite forme d'onde dudit agencement et decoder ladite position atteinte a partir de ladite forme d'onde. 

77. Systeme de detection de position selon la revendication 76, dans lequel ledit agencement de detecteurs (20) et 
ledit decodeur de signaux (70) sont connectes par I'intermediaire d'une liaison analogique. 

78. Systeme de detection de position selon la revendication 76, dans lequel ledit element positionnel (14) est utilisable 
pour emettre ladite forme d'onde decodable pour fixer ladite position de sorte que ladite forme d'onde soit decodable 
a une basse frequence d'echantillonnage. 

79. Systeme de detection de position selon la revendication 76, dans lequel ladite forme d'onde est une forme d'onde 
sensiblement continue. 

80. Systeme de detection de position selon la revendication 76, dans lequel ledit agencement de detection comprend 
une pluralite de detecteurs de signaux agences a differents emplacements chacun separement pour detecter ladite 
forme d'onde, pour ainsi fournir ladite fixation de position en tant qu'informations differentielles entre lesdits signaux 
detectes. 

81. Systeme de detection de position selon la revendication 80, dans lequel ledit decodeur de signal (70) comprend au 
moins un signal de reference construit en utilisant un modele dudit systeme et un detecteur de probabilite maximum 
pour determiner la position la plus probable sur la base dudit signal de reference. 

82. Systeme de detection de position selon la revendication 81, dans lequel ledit decodeur comprend en outre un 
correlateur (74) pour utiliser une fonction de correlation pour confirmer ladite position la plus probable. 

83. Systeme de detection de position selon la revendication 76, dans lequel ledit element positionnel (14) est utilisable 
pour emettre une combinaison de signaux ayant differentes vitesses pour permettre a un recepteur de calculer une 
distance a celui-ci a partir d'un delai entre eux. 

84. Systeme de detection de position selon la revendication 83, dans lequel ladite combinaison comprend un signal a 
la Vitesse de la lumiere et un signal a la vitesse du son. 

85. Systeme de detection de position selon la revendication 84, dans lequel le signal a la vitesse de la lumiere est un 
signal infrarouge. 
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86. Systeme de detection de position selon la revendication 84, dans lequel le signal a la Vitesse du son est un signal 
ultrasonique. 

87. Systeme de detection de position selon la revendication 76, dans lequel ladite maniere de conservation de ladite 
capacite de fixation de position comprend la conservation de ladite capacite sur un echantillonnage de basse 
frequence. 

88. Systeme de detection de position selon la revendication 87, dans lequel ledit echantillonnage de basse frequence 
comprend un taux compatible avec I'echantillonnage a taux de Nyquist de signaux sonores. 

89. Systeme de detection de position selon la revendication 88, dans lequel ledit taux est inferieur a 50 kHz. 

90. Systeme de detection de position selon la revendication 88, dans lequel ledit taux est sensiblement egal a 44 kHz. 

91. Systeme de detection de position selon la revendication 88, dans lequel ledit taux est sensiblement egal a 6 kHz. 

92. Systeme de detection de position selon la revendication 76, dans lequel ledit element positionnel (14) comprend 
en outre un capteur de pression pour fournir des donnees de pression exercee sur ledit element positionnel (14). 

93. Systeme de detection de position selon la revendication 76, dans lequel ledit element positionnel (14) comprend 
en outre une detection d'altitude pour fournir des donnees sur I'altitude a laquelle ledit element positionnel (14) est 
maintenu. 

94. Systeme de detection de position selon la revendication 76, dans lequel ledit element positionnel (14) comprend 
en outre : 

un capteur de pression pour fournir des donnees de pression exercee sur ledit element positionnel (14), et 
une detection d'altitude pour fournir des donnees sur I'altitude a laquelle ledit element positionnel (14) est 
maintenu. 

95. Systeme de detection de position selon la revendication 94, qui est utilisable pour extraire a partir d'un utilisateur 
dudit element positionnel (14), une triplette de vecteurs de mouvement, de pression et d'altitude. 

96. Systeme de detection de position selon la revendication 76, comprenant en outre une fonctionnalite de signature 
electronique fournie dans ledit element positionnel (14). 

97. Systeme de detection de position selon la revendication 95, comprenant en outre : 

une fonctionnalite de signature electronique fournie dans ledit element positionnel (14), et 
une fonctionnalite de verification pour verifier les triplettes extraites de signatures d'utilisateurs, le systeme etant 
utilisable pour permettre ladite fonctionnalite de signature electronique avec la verification par ladite fonction- 
nalite de verification d'une signature d'utilisateur. 

98. Systeme de detection de position selon la revendication 1 , dans lequel ledit element positionnel (14) comprend en 
outre un deuxieme emetteur pour emettre une autre forme d'onde continue modulee pour etre decodable pour fixer 
ladite position, ledit deuxieme emetteur etant positionne a une distance predeterminee dudit premier emetteur, et 
ledit agencement de detecteurs (20) est utilise pour permettre la determination de I'altitude dudit element positionnel 
(14). 

99. Systeme de detection de position selon la revendication 98, dans lequel ledit element positionnel (14) comprend 
en outre un capteur de pression pour fournir des donnees de pression exercee sur ledit element positionnel (14). 

100. Systeme de detection de position selon la revendication 108, dans lequel ladite autre forme d'onde continue est 
Tune d'une forme d'onde infrarouge, d'une forme d'onde de radiofrequence et d'une forme d'onde acoustique. 

101. Systeme de detection de position selon la revendication 98, dans lequel ladite sortie est d'une maniere adaptee a 
lafourniture a une entree analogique d'un dispositif informatique. 
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102.Systeme de detection de position selon la revendication 98, dans lequel ledit agencement de detecteurs (20) est 
un agencement de boucles orthogonales. 
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